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Two-headed knowledge 


THE knowledge of two heads is better than 
one in achieving economical production of 
power. 


There must be your engineer’s knowledge of 
the operating demands made upon your 
prime movers. Also, there should be the 
knowledge of an organization of lubrication 
experts. 


This latter knowledge is at your service 
through the Vacuum Oil Company, whose 
recommendations include the use of scien- 
tifically correct grades of the high quality 
oil it manufactures. 
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The Weston Rectangular 
Line of instruments is com- 
plete with types for A.C. and 
D.C. switchboard use and 
has become popular because 
of its universal adaptability. 





Furnished as Alternating 
Current Ammeters, Volt 
meters, Wattmeters, Reactive 
Component Meters, Frequency 
Meters, Power Factor Meters, 
Triplex Ammeters: and Direct 
Current Voltmeters and Am- 
meters. 


anew WESTON that has 
jollowed the famous 


WESTON tradition 


By Becoming Standard One Year After Release 


= their field these Weston Rectan- 
gular Instruments have been an 
outstanding development because of 
their space economy and fine appear- 
ance. Until now the question of 
getting more instruments into less 
space on the station switchboard has 
been a great problem to designers and 
engineers alike. 


These Weston Rectangulars measure 
up to the highest standard in the 
instrument makers’ art—Built by 
Weston, a name upheld in instrument 
design and performance since 1888. 


Our Booklet 1504 contains all the details. 


These instruments are identical with 
the older, well-known, 734-in. round 
pattern type in every respect except 
for their smaller and more compact 
form of case, greater scale legibility 
and the improved and standardized 
method of mounting the instrument. 


Mindful of the ever increasing space 
value and the growing need for 
switchboard apparatus of higher 
rated capacity, Weston again upheld 
tradition by contributing an original 
and effective solution—these new 
Rectangular instruments. 


Sent promptly on request. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
13 Weston Avenue, Newark, N. J. 








STANDARD THE WORLD OVER 


WESTON 


fioneers since I888 








VoL. 86, No. 13 



























KAWP 
AKG 







ON Ws NON 
AN ITP 
























Published by McGraw-Hill Company, Inc, 


W. H. ONKEN, JR. 
Editor 








VOLUME 86 


New York, Saturday, September 26, 1925 


NUMBER 13 





The Future of Power Production 
Cannot Be Foretold 


HE advent of the steam turbine revolutionized 

power-station practice and design as they then 
existed and continues to develop and expand the art. 
The ultimate possibilities of the turbine-boiler power 
source cannot be measured, but it is reasonable to 
assume that many developments will occur before some 
other primary power-producing agency will usurp its 
position. In the few years that have already passed the 
modern unit power station has been established. One 
boiler, one turbine, one generator and one unit electrical 
equipment are accepted for many plants. The switch- 
house is now a separate building, and there is a rapid 
trend toward the consolidation of the turbine and 
boiler into one unit. 

It may be unsafe to prophesy, but the trend is so 
marked that a future plant may be visualized in which 
the turbine and the boiler compose one power structure. 
A turbine placed on top of a boiler or incorporated 
with the boiler, with high-pressure stages, intermediate 
stages, reheating and stage bleeding, offers entrancing 
possibilities for reducing building dimensions, piping 
and investment costs, while giving freedom for a unity 
and simplicity in control and operation much to be 
desired. The fire wall will no longer be placed between 
the turbine room and the boiler room but between 
boiler-turbo units so as to isolate hazards to one unit. 

Going still further, there seem to be many possi- 
bilities for boiler improvements. The boiler of the 
future may consist of water tubes completely surround- 
ing a small combustion chamber where fuel and air are 
mixed and burned at a very high rate. The mammoth 
combustion chamber of today will be relegated to the 
past, and the development of new equipments, new 
materials and better firing methods will reduce boiler 
and furnace space dimensions very greatly and increase 
the efficiency of combustion. 

The last word has not been said in regard to fuels 
themselves. By-product plants and new fuel-distilla- 
tion methods may make available gaseous, liquid or 
coke fuels at a very low cost, but the market for 
by-products enters into this picture and this is beyond 
the control of the electrical industry. Moreover, new 
materials may make possible better insulation, higher 
temperatures and higher pressures, thus bringing about 
still further thermal gains. 

Yet a true prophet should safeguard his predictions, 
and this is particularly true of predictions about the 
art of power production. The mercury process looms 
on the horizon to modify developments for steam 
Plants; the internal-combustion engine has by no means 
reached its full development as a large power source; 
the gas turbine still baffles eager developmental engi- 
neers, and the chemists and physicists work unceasingly 
in scientific channels to unleash the stored energy of 


nature and to harness atomic power to mechanical 
equipment. It would be a poor prophet indeed who 
discounted the influence of these possibilities in favor 
of the present predominating practices. 

But.a survey of the immediate horizon indicates the 
supremacy of the boiler-turbine power unit for some 
time to come, and it is fortunate for the industry that 
the further possibilities of this combination promise 
very remarkable gains in economy of power pro- 
duction. As never before, the power engineer needs to 
think and to invent, for the demand for power increases 
vear by year. The industry can rest assured that the 
future developments in power production lie in com- 
petent hands, and no prophecy will cause any deviation 
in the scientific development of the art along the most 
economical lines. 





The Largest and Most Economical] 
Power Producer in the World 


UPREMACY of this country in world affairs and 
its present social wellbeing are based on the use of 
immense quantities of power. The annual power pro- 
duction of all the rest of the world is less than that of 
the United States, and analysis shows that power pro- 
vides the means for our industrial and social leadership. 
But the United States leads the world in economy of 
production as well as in magnitude of production. Men 
of the electrical industry have had the courage, initia- 
tive and brains to outdistance all their contemporaries 
in the effectiveness of their efforts. In the past decade 
the power produced has more than doubled, but there 
has been a decrease of 15 per cent in cost and an 
increase of less than 5 per cent in the amount of fuel 
used. Today more than twenty American stations can 
produce a kilowatt-hour for each pound of coal burned. 
Within the past three years American engineers have 
built plants that show an increased thermal economy 
of nearly 20 per cent over past practices. This is a 
greater achievement than had been recorded in the pre- 
vious fifteen years. And this gain was made by pioneer 
efforts. Large stations involving millions of dollars of 
investment were built without a knowledge of the inno- 
vations proposed or gained by practical experience. 
Air heaters, reheating, stage bleeding, water-cooled fur- 
naces, pulverized-fuel equipments and a host of other 
devices or methods were installed on a large scale with 
the expectation that they would produce predicted re- 
sults. Engineers stood firm in their proposals, executives 
backed their judgment with money, and the manufac- 
turers produced the equipment needed. _ This team play 
brought about the economic supremacy of America in 
power production. 

Yet, while the power engineers have made greater 
economic and thermal gains than engineers in any 
other branch of the electrical industry, there is no 
cessation in their activity to achieve even better 
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results. A campaign is now under way to reduce the 
investment cost of stations, and there are also many 
researches under way to obtain greater thermal effi- 
ciency. At least six proposals are known which offer 
possibilities for thermal gains, and the industry can 
feel assured that capital costs will decrease greatly in 
a very short time. Power is rolling along with a 
momentum that will not be stopped for many years. 
Its promoters deserve and need the hearty encourage- 
ment and support of all industry, for they supply a 
fundamental aid indispensable to the social and eco- 
nomic progress of the nation. 





Whither Will Customer Ownership 
Lead Us? 


HE wide diffusion of the capital stock and other 

securities of public utilities brought about in recent 
years through the sale of securities to customers and 
employees brings up a question of social control and 
supervision. Heretofore the stock of corporations was 
closely held, usually by persons actively engaged in the 
management or closely in touch with it. Now manage- 
ment and ownership are no longer so intimate. When 
one public utility corporation can boast of many hun- 
dred thousand stockholders and the entire industry 
numbers them by the million, it is evident that a 
remarkable change has taken place in the investment 
habits of our people. That this will eventually bring 
with it new problems and relations is quite certain. 

According to Dean Madden.of the University of New 
York, the managers of properties so held have become 
in the truest sense trustees and fiduciaries with tre- 
mendous responsibilities and accountabilities. Cohesive 
action on the part of shareholders in such widely owned 
enterprises becomes more difficult, and equity will not 
permit an arbitrary control of other people’s property 
by a group of trustees. It is the essence of the 
fiduciary relation that an accounting shall be made 
by the trustee, and as an evidence of good faith the 
accounts of the trustee must be subject to audit and 
review. Dr. Madden suggests that the accountant is 
the logical officer to represent all parties at interest. 
And while the accountant is the right hand of man- 
agement, he will, as the agent of the stockholders, be 
independent of management. While this may give the 
accountant a strategic and important function in the 
development of the agencies of social control, Dr. Mad- 
den contends that either this or some form of state 
control will be adopted. 

Mere diffusion of ownership is not the reagent, he 
thinks, that will restore unity and harmony to social 
organization. Whether a greater or lesser degree of 
social control of industry is to be exercised will, in his 
view, depend very largely on an enlightened public 
opinion on and knowledge of the significant aspects 
of private property and individual initiative in its rela- 
tion to national prosperity and individual happiness, 
and also on the wise management of industry. 

Obviously such social control is for the future, and 
if it is to come the managers of electric light and 
power properties may well prepare to face the issues 
to be encountered. Banks, insurance companies and 
other institutions which receive the savings of the 
people are supervised by the state. It remains to be 
seen what form of social control will. be exercised 
with respect to the savings invested in utilities. 
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Power Engineers Can’t Do It All 


N THE modern utility system a power station is only 

one unit of many whose proper functioning makes 
for system economy. All the great economic and ther- 
mal gains recorded by station engineers cannot be 
truly capitalized unless the system operates to utilize 
these station economies. Today it is sometimes asserted 
that system fuel economy is handicapped by faults 
in the electrical system and that very little economic 
progress has been made in the electrical part of the 
system. In other words, the electrical engineers are 
lagging behind the plant engineers in the development 
of their art. 

In transmission and distribution about 20 per cent 
of the power generated still continues to be dissipated 
as losses. Lack of reliability in lines and electrical 
equipment on the system prohibits the use of the system 
plants at their most economical loads. Wattless cur- 
rents clutter up stations in order to secure voltage 
control and stability and thus limit the possible power 
production. Solid and permanent interconnections can- 
not be relied upon to a degree that would permit a 
positive station operating schedule to be fixed. Until 
these handicaps are removed maximum system economy 
in power production cannot be obtained. 

This indictment is largely true, but there is a funda- 
mental reason for some of these conditions. The elec- 
trical system is exposed to all the caprices of nature 
and of man, for it goes everywhere and encounters 
everything that travels on or above the earth. Thus 
the work of the electrical system engineers has been 
done under very severe handicaps, and they have done 
splendidly in making available service of the quality 
rendered today. They are making improvements day 
by day, and further accomplishments will no doubt soon 
permit full advantage to be taken of the economic 
possibilities of the power stations on their systems. 





Atomic Energy 


N CONNECTION with the steady progress in physical 

research into the ultimate nature of matter and of 
molecular and atomic activity not the least interesting 
feature has been the methods by which some of these 
activities of infinitesimal size have been brought within 
the range of direct perception. Thus, for example, in 
the Wilson expansion chamber one is able to see the 
paths and collisions of electrons and the ionization due 
to X-rays; in the Millikan experiment one sees the 
continuous motion of an electron in an electric field, and 
by the use of the radio amplifier one is enabled to hear 
the patter of the shower of electrons on the positive 
plate of the amplifier and the movement of magnetic 
molecules in iron subject to cyclic magnetization. 

A recent experiment of this type shown by Dr. W. R. 
Whitney at the convention of the American Chemical 
Society at Los Angeles appears to go even one step 
further. Using an amplifier and loud speaker, the disin- 
tegration of the atoms of the rare radioactive metal 
uranium was broadcasted so’as to be heard throughout 
the auditorium. Incidentally it was stated that the 
sound so heard could be kept up for five hundred million 
years before the uranium would lose its radioactivity, 
at the end of which time it would have become a piece of 
lead not much smaller than the original uranium. Other 
interesting manifestations of the electrical energy i- 
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herent in matter were also brought clearly to the per- 
ception of the audience. Among the most interesting 
statements made were those pertaining to the energy 
inherent in coal and oil. It was asserted that the 
greater part of this energy exists in the form of 
myriads of particles of electricity. The burning of 
coal to obtain power takes therefrom an extremely small 
proportion of its total energy content. Unfortunately 
no immediate promise is made of a method of obtaining 
the much larger and deeper-lying sources of energy 
locked up in the central zone of the carbon atom. 
Apparently in uranium matter is in a state of very 
unstable equilibrium and disintegrates of its own ac- 
cord and in a manner beyond the control of man either 
to accelerate or retard. It appears probable thatthe 
sun contains matter of this kind and that its energy 
is largely due to atomic disintegration. For a long time 
it has been realized that some such explanation as this 
has been necessary to account for the apparently un- 
diminished maintenance of the sun’s radiation. 





Water Power and Fuel Power 


ATER-POWER development is now primarily an 

economic subject. Hydro-electric engineers have 
done such a fine job that the efficiency of hydro- 
electric energy systems is nearly unity and further 
technical gains can do little to better existing installa- 
tions. Thus water power is a subject for study as a 
part of the national power program on an economic 
basis. To warrant development it must fit into the 
general plan for power supply, and a study of potential 
sources shows that it can hope to play but a minor 
part in power production in the years to come. 

Looked upon from one point of view only, every im- 
provement in the economy of production of power in 
fuel-burning plants offers a handicap to further water- 
power development. The great gains obtained in cost 
and in thermal efficiencies in steam-driven plants in re- 
cent years are having an appreciable influence on hydro- 
electricity. Water power must enter the power market 
on a competitive basis and not on a national conserva- 
tion basis. Power is a commercial commodity only. 

It has been asserted that the water powers sus- 
ceptible of economic development and those readily 
accessible to markets are for the most part already 
harnessed with the exception of the Niagara and 
St. Lawrence projects in the East. From this it is 
argued that water-power development is unlikely to 
proceed in the next few years at the rapid rate wit- 
nessed in those just past. It is admitted that large 
developments may occur in the South and in the West, 
for these are rapidly growing territories, but the 
greater portion of the country will depend on fuel- 
burning plants for its major power supply. Studies 
show that water power is becoming a supplementary 
souree of energy and is developed and used best in con- 
junction with fuel-fired plants. 

The electrical industry has always developed water 
powers to the maximum economic degree and will con- 
tinue to do so; and, looked upon from a true angle, the 
fact that great interconnected systems are growing up 
will make possible the better use of existing water- 
power plants {nd the development of otherwise unprofit- 
able sites. Hydro-electric engineers are making great 
strides in reducing the cost of site development and 
are fully awake to all possibilities for improvements 
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in their art. With their associates in the fuel-burning 
plants they are making progress toward the ultimate 
development of every economic water power in this 
country as a part of the plan to get the most inexpen- 
sive power supply for the nation. Water-power devel- 
opment will, therefore, despite opinions to the contrary, 
necessarily continue at a very rapid rate for many 
years, because interconnections and system expansions 
must continue. 





Conowingo Still Held Up 


ROGRESS toward the construction of the proposed 

power development on the Susquehanna River at 
Conowingo, Md., is apparently finding rather hard go- 
ing. The situation which has gradually developed is 
quite suggestive of a battle royal when the number of 
different interests taking a hand is considered. A few 
months ago the principal participants were the -Sus- 
quehanna Power Company, which proposes to install 
the plant; the Philadelphia Electric Company, the Phila- 
delphia Rapid Transit Company, the public service com- 
missions of Maryland and Pennsylvania and the Federal 
Power Commission. It will be recalled that the first 
round of the battle hinged on the question of the esti- 
mated cost of the new plant in its relation to the prob- 
able cost of power to be delivered in Philadelphia. It 
was generally understood also that back of the entire 
discussion was a conflict between rival financial in- 
terests. 

The latest phase of the matter is provided by the 
answer filed last week by the Susquehanna Power Com- 
pany to an injunction requested by the Pennsylvania 
Water & Power Company, which has a plant at Holt- 
wood higher up the river, to restrain the new company 
from erecting its plant except under conditions that 
would not elevate the water level in the tailrace of the 
Holtwood plant. The Susquehanna Power Company 
comes back at the Pennsylvania Water & Power Com- 
pany with an answer attacking the legality of the char- 
ters and franchises under which the latter is operating, 
stating that the titles to its property are not clear, that 
it has never complied with Pennsylvania legislation 
requiring power companies to obtain certain permits 
for operation and construction, and that it has failed 
to comply with the federal act requiring power com- 
panies to obtain permits before entering navigable 
streams. 

Perhaps the most depressing feature of all this expen- 
sive discussion and litigation is the fact that the two 
water-power companies have met in an effort to reconcile 
their opposing views and have failed. It would appear 
that in such a discussion it should have been possible 
to reach on a strictly engineering basis a certain an- 
swer as to possible mutual interference in the matter of 
power generation. Such questions may always be an- 
swered in very certain form. But apparently this pos- 
sible straight engineering answer has not been allowed 
to prevail, and the two companies are fighting with 
opposing statements bristling with technical legal 
claims, many of which cannot have any direct bearing 
on the ultimate question as to whether or not the plant 
should be installed. If two companies with conflicting 
interests cannot agree on engineering questions to 
which the answers must be perfectly clear, the prospect 
of agreement on more involved questions of economic, 
interstate and federal character becomes remote indeed. 











Elements in the Consumers Power Company’s System 


OC ily phe oprny 


Fig. 1—Junction hydro-electric station of 
the Consumers Power Company. 


Fig. 2—The load dispatcher controls the 
operation of forty-four hydro and steam 
plants as well as 1,700 miles of transmis- 
sion lines. His equipment includes load 
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dispatcher’s board, cordless telephone 
switchboard, carrier-current telephone, 
Western Union clock, Warren clock, Weston 
frequency meter, Leeds-Northrup graphic 
frequency meter, and Ediphone for record- 
ing log. 








Fig. 3—Saginaw River steam station, 
rated at 40,000 kw. ® 


Fig. 4—Double-circuit tower for 140,000- 
volt transmission line. 

Fig. 5—Loud hydro-electric station, rated 
at 4,000 kw., located on Au Sable River. 
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Data Presented to Show Cost per Kilowatt of Capacity Justified by Given Gain in Thermal 
Efficiency, Taking Into Account Fixed Capital Charges, B.t.u. per Kilowatt-Hour Saved, 
Capacity Factor, B.t.u. in Coal Fired and Cost of Coal 


Increased Economy 
Warrants Increased Investment 


By C. W. DE FOREST 
Vice-President Columbia Power Company, Cincinnati, Ohio 


depends fundamentally upon increasing the heat 

content in the steam, thereby increasing the ratio of 
useful heat to waste heat. This result may be attained 
by increasing the pressure and temperature of the 
steam. During the past few years steam pressures have 
been more than doubled. The increase in steam pres- 
sure requires higher superheat to prevent condensation 
in the lower stages of the turbine. With an initial 
pressure of 550 lb. it would be desirable to have an in- 
itial steam temperature of 1,000 deg. F. Steam temper- 
atures, however, are limited by the reduction in the 
strength of materials as temperature increases. With 
materials now available the upper limit of temperature 
is placed about 750 deg. F. This condition has led to the 
practice of reheating the steam after it has passed 
through the first stages of the turbine, returning it to 
the lower pressure stages of the turbine, or to a separate 
turbine at a lower pressure but with the initial tem- 
perature. 

Above 600 Ib. pressure it may be found desirable to 
reheat the steam more than once and the initial pres- 
sure is limited partly by the increased investment of 
the reheating equipment and partly by the loss in pres- 
sure through the reheaters. 

The increased economy of the prime movers has 
hastened the tendency to abandon steam-driven auxilia- 
ries in favor of motor-driven auxiliaries. The feed 


| ee efficiency of steam-generating plants 


water that was formerly heated by the exhaust from the | 


auxiliaries is now being heated in several stages by 
steam that has done much work in the turbine. The 
extraction cycle has been developed to extract steam 
from three or four stages. 

The design of steam-generating equipment has kept 
pace with turbine design. Higher steam pressures 
and temperatures, together with high feed-water tem- 
peratures, have resulted in the use of air heaters. Heat 
that would otherwise be lost to the stack is recovered 
and returned to the furnace, resulting in lower stack 
loss and better combustion of the fuel. 

High furnace efficiency demands a high percentage 
of CO, and results in high furnace temperatures. To 
overcome the difficulties arising from high furnace tem- 
peratures the size of the furnace has been greatly in- 
creased and the furnace walls cooled in some manner. 
This cooling may take the form of water tubes or air- 
cooled side walls. In burning pulverized coal it is some- 
times necessary to place a water screen over the ash pit 
to prevent fusion of the ash. 

Stoker design has been changed materially. The ash 
pit has been deepened and clinker grinders have been 


adopted in an effort to reduce losses due to combustible 
matter in the ash. 

The tendency at the present time seems to be toward 
pulverized fuel and reports from stations that have 
adopted this method of burning coal clearly indicate a 
distinct gain in boiler efficiency under the particular 
conditions over stoker installations. 

These improvements have increased the cost of power 
plants, but not to the extent that might be expected at 
first thought. The more efficient turbine requires less 
boiler capacity and less condensing equipment than the 
less efficient turbine. The cost of operation exclusive 
of coal and fixed charges will not be greatly different 
in the one plant than in the other. 

The vital question is this: Does the economy of fuel 
effected justify the increased investment? It is thought 
by some engineers and by those responsible for the 
financing of some of these highly efficient power stations 
that too much money is being expended for efficiency— 
in fact, that the gain in thermal economy is more than 
offset by the carrying charges on the increased invest- 
ment. If this is so, it is evident that the more expen- 
sive, highly efficient station results in a direct loss. 


CONDITIONS UNDER WHICH A HIGHLY EFFICIENT 
STATION IS JUSTIFIED 


The cost of producing electrical energy is made up of 
fixed charges on the investment and operating costs. 
In order for a plant to be more economical the decrease 
in fuel cost must more than equal the fixed charges on 
the increased investment. Four factors enter into the 
decreased cost of fuel—namely: (1) B.t.u. per kilo- 
watt-hour saved by the more efficient plant; (2) load 
factor or capacity factor at which the plant will operate; 
(3) B.t.u. per pound of coal as fired; (4) cost of coal 
per ton fired to furnace. 

The fixed charges depend upon the rate of fixed 
charges which apply to the particular case. 

The curves on the attached sheet have been worked 
out to show the cost per kilowatt of capacity justified 
by a given gain in the thermal efficiency taking into 
account the variables noted above. Stations operating 
at 250 to 300 lb. steam pressure at a total temperature 
of 600 deg. F. average from 19,000 to 21,000 B.t.u. per 
kilowatt-hour sent out. The new stations of today using 
a steam pressure of 550 to 600 lb. and superheat and re- 
heat to 750 deg. F. extracting steam from three or four 
stages of the turbine for feed-water heating, using 
air heaters and possibly pulverized fuel, will operate at 
14,000 B.t.u. or less per kilowatt-hour sent out. 

If we assume a saving of 6,000 B.t.u. per kilowatt- 
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hour output, a base load station having a yearly load 
factor of 70 per cent, coal averaging 13,500 B.t.u. per 
pound as fired, costing $4 per ton delivered to the fur- 
nace, and 12 per cent fixed charges, the curves show 


that we could afford to spend $46 per kilowatt of 


capacity installed to obtain the increased thermal 
efficiency. If coal cost $5.50 per ton delivered to the 
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furnace, the same station would justify an increased 
investment of $62 per kilowatt of capacity, or $10.33 
for each 1,000 B.t.u. saving per kilowatt-hour. 

Take a case, for example, of a station that would show 
a saving of 4,000 B.t.u. per kilowatt-hour, an annual 
load factor of 50 per cent using coal of 13,000 B.t.u. at 
$4 per ton, the justified increased investment cost 


FEAST 











AW REE a 
bel belch dake 

160 

\ 150 

3 

~ 40 

. s 

Ha \ 8 

\\ 120= 

a 

\\\\ me | 

loos 

90°3 

Hb : 

80 

ch : 
ty - 
> 

ed ke , 
PEE : 


B.t.u. pe 
5 


a 
ao 
~ 
o 


Pept TT tee 


Sn eRRe” 


ver iw] 


ing, Lb. 
#4 

=m 

o 


it bo 
ta hd 
Eee hk 

en ames 


SRSKERARREREEEY 


hy 
Gh 


Yep, 
Uy 
or SA 





PTT TTT TT TT gy 


EArt Pd | 1) eee td 





LS Biss ‘ v 

pro Crt) 

od q \) 
J sf ; 





oS 
So 
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would be $23 per kilowatt of capacity, or $5.75 for eacn 
1,000 B.t.u. saving per kilowatt-hour. These figures 
show that quite a large investment is warranted. 


INCREASED COST OF MODERN STATIONS 
NoT EXCESSIVE 


When the lesser capacity that is required in boilers, 
condensers, coal handling and coal storage equipment, 
as well as the decreased size of the building, is taken 
into consideration, the increased cost of the modern 
station previously described would be only $7 to $10 per 
kilowatt capacity as compared with the station designed 
for 250 to 300 lb. pressure, and it is believed that in 
future stations the relatively small increased cost per 
kilowatt of capacity for the present high-pressure sta- 
tions will be reduced if not entirely eliminated. In 
fact, it is difficult to find any increased cost per kilowatt 
of capacity for the present high-pressure stations. 
There are in the country today many large stations of 
moderate pressure, the cost of which per kilowatt of 
capacity exceeds that of the present 600-lb. stations. 

The cost of coal used in calculating the operating cost 
of the station should be the cost per ton delivered to the 
furnace, including the following factors, which should 
be added to the cost per ton of coal f.o.b. the plant: 

(1) Cost of unloading, including maintenance of 
equipment, cost of storage, loss in storage and carrying 
charges on storage; (2) cost of conveying; (3) han- 
dling of ash; (4) proportion of stoker maintenance; 
(5) cost of crushing, including maintenance, and (6) 
some proportion of boiler operation and brickwork 
maintenance. If pulverized fuel is used, the cost of 
coal preparation should be added. The total cost of 
these items will vary over quite a range, dependent 
on the design of equipment, methods employed and 
amount of coal carried in storage by the station in 
question, but the amount of money that should be added 
to the cost f.o.b. plant will run from $0.50 to $0.80 
per ton. 

The load factor or capacity factor at which the station 
will operate has a very direct bearing on the problem. 
There are some plants in this country that have operated 
on a capacity factor of 70 per cent and better. On many 
of the larger systems there is the opportunity to con- 
struct real base load stations of the right capacity to fit 
into the base load of the system, and with proper man- 
agement should continue to operate at the highest capac- 
ity consistent with proper maintenance until such time 
as they are replaced by a more efficient station. How- 
ever, a highly efficient base load station will not be 
superseded unless designing engineers produce the bet- 
ter station. 

Public utilities have always been leaders in progress 
and their phenomenal growth has‘been due almost en- 
tirely to increased efficiency in service, in the use of 
electrical power and in the generation of electrical 
power. Whe costs of fuel, labor and every kind of mate- 
rial used by the utility has greatly increased, while the 
cost of electric service to the public has decreased. This 
has been made possible by efficiency not only in genera- 
tion of power but in all of the various departments of 
the business. 

It would appear that the conservation of the national 
fuel supply alone would justify any increased investment 
cost for generating stations that will result in a fuel 
saving equal to the carrying charges on the investments 
in the more efficient plants. 
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Status of Mercury Boilers 


The Installation at Hartford, Conn., Is Successful 
—New Design Now in Operation— 
Survey of Possibilities 


OWER from mercury vapor was first produced on 

a commercial scale at the Dutch Point station of the 
Hartford Electric Light Company. This installation 
was designed for 1,800 kw. from the mercury turbine 
with 35 lb. gage pressure in mercury and 200 lb. in 
steam. The furnace gases pass in order through the 
mercury boiler, a mercury-liquid heater, a steam super- 
heater and a feed-water heater. The mercury vapor 
formed in the boiler passes through a governing and 
emergency valve to the turbine, the single wheel of 
which is overhung on the end of the generator shaft 





INITIAL MERCURY BOILER INSTALLATION OF HARTFORD 
ELECTRIC LIGHT COMPANY 


and operates in the condenser space. The discharge 
from the turbine wheel is delivered directly against 
the condensing surface, which consists of dead-end 
tubes hanging vertically from the cylindrical steam and 
water drum, to which they are attached by rolling and 


HEAT DISTRIBUTION PER KILOWATT OUTPUT 50,000-KW. 
PARSONS TURBINE 





Expected Normal Monthly Operation 


Steam Press. 550 Ib. G., Temp. 750 deg. F., Reheat Press. 115 
lb. abs. Reheat Temp. 700 deg. F., Exhaust at 0.75 in. of S.cg. 


abs. 
COMPARED WITH MERCURY STEAM COMBINATION 


Mercury generating unit having an efficiency of 70 per cent and 
operating at 70 lb. G. press.; steam turbine being the same with 


same conditions but without reheating. 
Mercury 
Steam Alone— and Steam 
Heat from Fuel: B.t.u. Per Cent B.t.u. 
Heat to normal boilers wetass aa 14,004 93.4 . 
Heat to reheater ry as 996 6.6 3 
15,000 100.0 11,000 
Heat from turbine returned to boilers by heaters 2,320 : ; Siawa 
Heat Distribution: 
Banked fire and standby losses. . 1,800 12.0 1,305 
Stack loss . Ol ate soot tee ard 1,443 9.6 1,046 
Other boiler losses. ; ¥tkes ‘ at 812 5.4 585 
Auxiliary power. ce a a tee j 670 4.5 487 
Net heat to steam jets, etc.... 35 0.2 21 
Heat to circulating water.... . : . 6,649 44.4 3,983 
Generator losses. . . fe 178 1.2 103 
Electrical energy from generator.. 3,413 22.7 1,992 
1u0.0 
Mercury generator losses. . . , ay = j 57 
Electrical energy from mercury generator 1,421 
Total electrical energy | kw.-hr 3,413 3,413 
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was made up of fire tubes, the lower two-thirds of which 
were hexagonal with slightly convex faces. These tubes 
were nested together like a honeycomb and for each 
set of tubes a space was left for a duct which returned 
the circulating liquid. The liquid rises when heated and 
the vapor forms in clearances between the tubes at the 
corners. The upper round part of the tube acted as 
superheating surface and the vapor was delivered with 
a little superheat. 

Experience with the Hartford equipment was so suc- 
cessful that a new type of boiler with quite different 
characteristics has been designed and is installed. This 
boiler is built in sections that are individually removable 
and that can be taken apart for cleaning or replacement 





SECTION OF IMPROVED MERCURY BOILER TUBES 


Three sections of tubes with headers blanked off awaiting welding in of 
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The economic possibilities of the process can be illus- 
trated by the accompanying statement and table taken 
from the paper by W. L. R. Emmet, which was given 
before the World Power Conference in 1924. 

“To illustrate the economic possibilities of this 
process the accompanying table has been prepared, 
which is based upon the expected results in one of the 
most advanced steam applications which is now being 
made. In such a case the figures bear a positive relation 
to each other, and the comparison does not admit of 
appreciable error unless it be in the assumption of 
efficiency of the mercury turbine. 

“In these figures the auxiliary load has been taken as 
proportionate to the fuel burned, which assumption is 


Hi 
1 
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UPPER PORTION OF NEW TUBE SECTIONS 
Tube sections showing headers and superheater tubes 


superheater tubes. Tubular type of mercury preheater economizer at rear. connecting front and rear. Mercury vapor drum and 


Three of the headers are equipped with gage outlets. 


header risers at rear. 





if desirable. All the tubes receive approximately an 
equal amount of heat both from radiation and from 
convection, and each tube has its own circulation. A 
new and simplified form of liquid heater has also been 
provided. This is made up of small curved tubes be- 
tween headers, the external surface being gradually 
increased by spiral strips wound on edge and copper 
brazed to the exterior of the tubes. It is confidently 
predicted that the new boiler and heater going into 
service at Hartford will make possible applications of the 
mercury boiler without any new or problematical fea- 
tures for applications of any scale in the field of power 
production. A new three-stage mercury turbine is 
being installed at Hartford instead of the single-wheel 
turbine now used, which it is hoped will give some- 
thing like 70 per cent efficiency. Designs for large 
applications of the process have been considered which 
would use a furnace space 28 ft. in width and 14 ft. 
deep, and with such equipment under favorable condi- 
tions it is thought that about 9,000 kw. can be produced 
from the mercury turbine and about 12,000 kw. from 
the steam. 


unfavorable to the mercury process, since the load of 
circulating air feed and hot well pumps are all pro- 
portionate to the steam load and not to the fuel burned. 
The mercury apparatus adds no auxiliary but an air 
pump which takes very little power.” 

The most economical method of operating the process 
seems to be to get as much heat as possible into the 
feed water by bleeding the steam turbine in conformity 
with the best modern steam practice, and making a 
reasonably high degree of steam superheat. The 
heat from the furnace will be used to heat and 
vaporize mercury and to give the amount of superheat 
economical to use. Under these conditions on an as- 
sumption of 70 per cent efficiency of the mercury tur- 
bine and 70 lb. gage pressure for the mercury, the most 
desirable condition on base load should give an oper- 
ation of about 10,000 B.t.u. per kilowatt-hour. Experi- 
ence to date and all the developments to date indicate 
that the mercury steam combination has a very large 
field of application in modern power production and will 
be very extensively used in the future. Operating data 
on the new installation will be available soon. 
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High Capacity Factor and Long, Useful Life Necessary to Justify High Efficiencies— 
Conditions That Have Changed Designs — Size of Stations and Units, Powdered Fuel, 
Furnace Construction, Steam Pressures, Regeneration and Reheating 


Analysis of 


Steam Station Design 


An Interview with 


Cc. F. HIRSHFELD 
Director of Research Detroit Edison Company 


steam-generating plants, during the last six 

years, it will pay to view in retrospect some of 
the causes that led to these changes and consider the out- 
look. However, so many new steam-generating stations 
have been built recently, and are being built, that the 
various trends typified thereby could hardly be analyzed 
as to their builders’ reasons without injecting the 
opinions of many persons, some of which might be at 
variance with others. Therefore to avoid the com- 
plexity of considering everybody’s thinking and still 
give a cross-section of the tendencies and reasons, C. F. 
Hirshfeld, director of research Detroit Edison Com- 
pany, a recognized leader in the mechanical field who 
is neither radical nor ultra-conservative, was inter- 
viewed recently regarding the mechanical side of the 
development. 


() stan to the marked changes in the design of 


CAPACITY FACTOR AND USEFUL LIFE 


“There is a wide latitude of choice in selecting the 
essential features and equipment of a new station,” 
declared Mr. Hirshfeld. “Unfortunately,” he added, 
“human nature is such that there is too often an effort 
to strive for high efficiency without balancing the value 
thereof against the resulting increase of investment, 
complications, operating difficulties, and possibly main- 
tenance charges. Furthermore, it is generally true that 
the designer is too optimistic regarding the useful life 
to be expected of a plant and also with respect to the 
capacity factor obtainable during the useful life. It 
is not at all uncommon to see a high-capacity factor 
base-load plant relegated to second place at the end of 
five to seven years of useful life. As most such plants 
are built in installments, this means that only the units 
first purchased may be credited with the five to seven 
years of maximum usage, and that those installed near 
the end of the period must carry too heavy a charge 
against capital expenditure. Experience, as I have seen 
it, indicates that it is generally the wisest plan to 
design a plant for a lower thermal efficiency than initial 
assumptions and calculations might seem to justify. 

“The actual saving in operating cost made possible 
by the installation of the most highly efficient plant is 
comparatively small and frequently not large enough 
even to equal what may be called the factor of ignorance. 
Consideration of Figs. 1 and 2 will emphasize the point. 
Thus, assume West Virginia coal cpsting $5 per ton in 
the bunker. A plant that would produce a kilowatt- 
hour with 1,000 B.t.u. less than another would save in 
fuel charges just less than 0.02 cent per kilowatt-hour. 


At 60 per cent capacity factor and under the conditions 
assumed in this curve, this saving would be equivalent 
only to the increased fixed charges resulting from spend- 
ing about $8 more per kilowatt of capacity. Frequently 
it would be impossible to secure this increase in ef- 
ficiency with such a small additional investment. There- 
fore, a very high-capacity factor over a long period or 
else a very low increment cost is required to justify 
such an increased thermal performance. This is par- 
ticularly true because the curves are based on fixed 
charges of 12 per cent, which predicates a long, useful 
life. With stations and equipment changing as rapidly 
as they are, the fixed charges should be much higher.” 

Considering modern steam plants in more detail, Mr. 
Hirshfeld pointed out that the evolution of power plant 
equipment and the diversity of modern design that have 
resulted in the last six years cannot be understood with- 
out considering local conditions and particularly those 
brought about by the World War. “That conflict,” he 
pointed out, “caused a rapid and extreme rise in the cost 
of labor, fuel and supplies of all sorts so that the cost 
of delivering energy to the consumer was considerably 
higher than it had been for a comparatively long period. 
Rates had, in general, also risen, but not to any such 
extent as production costs. Stations had been heavily 
loaded or overloaded and in many cases could not be 
given adequate maintenance. Because of the demand 
upon the manufacturing facilities for products helpful 
in winning the war, little equipment of any sort had 
been obtainable. Furthermore, it was exceedingly dif- 
ficult to obtain new capital with which to compensate 
for deferred increases of capacity owing to the small 
margin between revenue and operating costs. 


COMBATING A SITUATION 


“To remedy this situation, it was recognized that 
future generating stations would have to be more eco- 
nomical in fuel consumption and in the labor required 
per unit of output. The advantages of co-operative 
effort and mass production, emphasized during the war, 
encouraged many executives and engineers to embark 
upon uncharted seas. Growing out of this pioneering 
spirit came in some cases the production of conditions 
that tend to make a highly efficient plant more advan- 
tageous—namely, combinations of properties, intercon- 
nection of systems and further acquisition of industrial 
loads. These developments, taken together, make a place 
for the highly economical plant designed for high ca- 
pacity factor and therefore capable of using fuel, labor 
and investment more effectively. These changed condi- 
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tions must not be lost sight of in distinguishing among 
stations that have been built in recent years. 

“The striving for greater efficiency in the utilization 
of fuel, labor and capital has led to the development of 
larger generating stations, which have been made 
feasible through the expansion and diversification of 
load and possibilities of parallel operation through 
greater interconnection. With the proximity of loads, 
opportunities for load apportionment that will give 
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of all equipment in large generating stations tied together 
by so-called bus extensions between stations. When em- 
ployed to serve extensive transmission systems, exposed 
to the vagaries of lightning, sleet and wind, it is pos- 
sible that generating stations considerably larger than 
necessary to supply the immediate load may not be 
justified by their fuel economy alone, because operating 
expedients necessary to maintain service on the trans- 
mission system may not be able to take advantage of the 
generating capacity in every station. 
Even in congested-service districts it 
is questionable whether concentration 
of generation in a few plants can be 
relied upon unless the plants are 
strategically located and ‘loosely 
coupled’ so that disturbance in one 
section will affect only one plant and 
the remaining stations can take care 
of their immediate districts and 
maintain some semblance of service in 
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Increased Fixed Charges, Cents per Kw.-hr. 
Decrease in Production Cost, Cents per Kw.-hr. 

















the disturbed territory over intercon- 
nections between districts. 

“Ratings of individual boilers, tur- 
bines and generators have greatly in- 
creased owing to the higher effi- 
ciencies obtainable therewith and the 
lower labor expense and space re- 
quirements per unit of _ installed 
power. The maximum size of the 
turbo groups depends, to a great ex- 
tent, upon the maximum rating that 
it is considered safe to tie up in one 
electrical generator or group of gener- 
ators operated as a unit, although 
mechanical stresses place some limita- 
tions on the turbines at present and 
the amount of investment that will 











bring no return when units are out 
for inspection, repairs or maintenance 
is also a very important considera- 
tion. The number of units that make 
up the steaming equipment for a tur- 
bine group will depend on the possible 
Joads at which the turbine group must 
operate and the flexibility of piping 
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Yearly Capacity Factor, Per Cent B.t.u. per Kw.-hr., Saved readiness with which the load can be 

FIGS. 1 AND 2—METHOD OF JUSTIFYING COST OF INCREASING EFFICIENCY divided among other operating boil- 
Increment of plant investment which is For example, if the design will permit a + as : 

just counterbalanced by decrease in cost saving of 2,000 B.t.u. per kilowatt-hour ers, thus providing for dropping 

of production by increasing thermal effi- with $5 West Virginia coal, an increase in boilers for maintenance or in emer- 


ciency, taking into account cost of fuel 
and capacity factor. Fig. 1 refers to West 
Virginia coal and Fig. 2 to Illinois coal. 


the station. 
higher capacity factors and the possibility of concen- 
trating generation without imperiling service reliability, 
thereby increased, generating stations can now be de- 
veloped to a magnitude more closely approaching their 
condensing water limitations. 

“However, care must be exercised in this trend,” 
warned Mr. Hirshfeld, “not to assume capacity factors 
that are improbable of attainment over the entire eco- 
nomic life of the plant. I believe this has been done 
several times in the past with a resulting lower fuel and 
financial economy than would justify the investment or 
design of the plant. Furthermore, until the reliability 
of tie lines, switching equipment and apparatus for 
isolating disturbances can be greatly increased, it is un- 
safe to depend too implicitly on the availability for service 


investment of about $17 per kilowatt is 
just offset at 50 per cent capacity factor of 
Capital charges are assumed. 


gencies. In many modern plants, only 
four boilers are used per turbine 
group, even with extra large turbines, 
due to the reduced investment, smaller space require- 
ments, operating economy and smaller amount of 
attendance required per horsepower installed. I do 
not believe that under what may be called ordinary con- 
ditions of load the size of individual turbo-generators 
should ever be increased above that rating which could 
be absorbed by other units in the plant that can 
reasonably be depended upon for availability. The same 
sort of reasoning applies to boilers. 

“The rating of individual generators or generator 
groups, on which the rating of the mechanical equip- 
ment was said to depend, is largely dependent at the 
present time on the total interconnected generator rat- 
ing, the percentage of, generator rating that must be 
off the line for an inspection or maintenance at any time 
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and the amount of load that the interconnected gen- 
erating capacity can absorb if one unit is lost. If the 
peak load of the system is close to the combined capacity 
of all generators available for service under normal 
operating conditions, the reserve capacity generally 
considered advisable is equal to the rating of the largest 
unit on the system. In other words, it now frequently 
happens that the rating of each individual generator is 
no longer dependent upon the total rating of the station 
but upon the total interconnected generator rating in 
the entire system. Generator units of 77,000 and 
100,000 kw. are being installed or seriously discussed in 
some parts of the country on systems having around 
1,000,000 kw. interconnected generator capacity, making 
the rating of individual units about 10 per cent of the 
interconnected capacity of the system but as much as 
32 per cent of the capacity of the station in which they 
are installed. 

“The extent to which the rating of individual gen- 
erators will be increased will depend to a great extent 
upon the increased plant economy made possible with 
the additional investment, the possibility of controlling 
such large concentrations of power, provisions for dis- 
sipation of heat losses in generators, elimination of the 
mechanical problems in turbine and generator design 
and on the ability to justify the non-use of the invest- 
ment represented when equipment must be taken out 
of service for inspection, repair or maintenance. 


COMPARISONS OF STOKERS AND POWDERED FUEL 


“It is unfortunate,” declared Mr. Hirshfeld, “that 
exploitation of fuel-burning methods has tended to 
obscure the fact that utilities are interested in the 
performance of the combination of furnace and steam 
boiler and not in the combustion equipment alone. 
Performance of the heat-absorbing equipment fre- 
quently masks that of the combustion part, but an 
analysis of the combustion equipment or method must 
take this into account. Comparisons of results obtained 
with a very good stoker and with good pulverized-fuel 
combustion in which the effect on the heat-absorbing 
equipment is canceled out are shown in the accompany- 
ing charts and curves for both West Virginia and 
Illinois coal. (Fig. 3.) 

“Although higher thermal efficiencies are to be ex- 
pected with pulverized fuel than with stoker operation, 
particularly with a poor grade of coal, the increased 
efficiency is purchased at the expense of pulverization. 
This cost varies greatly with the character of coal, type 
of plant, method of operation, etc., but the lower limit 
with bituminous coal at the present time appears to be 
about 20 cents per ton and the upper limit 30 to 35 
cents per ton. These figures include all operating costs, 
material and labor, maintenance material and labor and 
all power for crushed coal to pulverized coal bunker. 
However, they do not include fixed charges, which will 
be considered later. 

“Excluding power for coal preparation, already con- 
sidered, the power required to operate auxiliaries for 
boilers having forced draft underfeed or chain-grate 
stokers is greater, in general, than for pulverized-fuel- 
fired furnaces; consequently credit is made against the 
fuel preparation costs for powdered-fuel combustion by 
reducing them 2 cents for West Virginia coal and 3.3 
cents for Illinois coal. 

“It has been claimed that the operating labor required 
in a pulverized-fuel boiler room is less than that re- 
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quired with stokers, and it seems reasonable to assume 
that this is to be the case,” declared Mr. Hirshfeld. 
“However, boiler room operating labor is so greatly 
affected by the design of the plant that it has been 
exceedingly difficult to obtain definite proof and still 
more difficult to obtain a measure of the advantage if 
it does exist. For this reason it has been ignored 
entirely in this comparison. 

“About two-thirds of the coal ordinarily burned dur- 
ing the banking of stoker-fired plants can be saved in a 
pulverized-fuel-fired plant. This saving can be assumed 
to be of the order of 1 per cent of all the fuel used 
in the stoker-fired plant operating on a daily capacity 
factor of about 60 per cent or more. Based on pulver- 
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LOSSES DUE TO: 
A-sensible heat in flue gas 
B — combustible in flue gas 
C — combustible in refuse 
D-—radiation andunaccounted for 


FIG. 3—-RELATIVE PERFORMANCE OF STOKER AND POWDERED 
FUEL IN ONE SPECIFIC CASE, USING TWO DIFFERENT FUELS 


With West Virginia coal, no drying was assumed necessary 
for pulverized fuel combustion, so the moisture in flue gas was 
the same with both methods. With Illinois coal it was assumed 
necessary to dry from an initial moisture of 16 per cent to 6.5 
per cent for pulverized-fuel firing. Unless this is taken into ac- 
count, the results are not comparable for Illinois coal. Coal-dry- 
ing was done by flue gas, which reduces the exit temperature more 
than with a stoker installation, thus giving an advantage with 
pulverized fuel that would not be obtained if the flue gas is sub- 
sequently used in economizers or air preheaters. If economizers 
or preheaters are used, less heat is available to them. 


USEFUL HEAT 
E-heat absorbed by boiler 





ized fuel plants that have been in service sufficiently 
long to establish reliable figures, the maintenance of 
fuel-burning equipment in properly designed pulverized 
fuel plants appears to be lower than that of fuel- 
burning equipment in stoker-fired plants. Probably the 
newer type of stokers and stoker furnaces will alter 
this relationship. At present the maintenance of stoker- 
fired plants may run as high as 1 cent per million B.t.u. 
given to steam and water in excess of that for a 
pulverized-fuel plant. This is exclusive of the main- 
tenance of coal preparation equipment, which was taken 
into consideration previously. 

“Based on the specific case considered and not capable 
of universal application, the cost of putting heat into 
the water and steam with pulverized-coal and stoker 
plants per million B.t.u., exclusive of fixed charges, is 
therefore as shown in Fig. 4. With the better coals 
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and lower cost of coal, stokers are shown to have 
a more advantageous position than with poorer coals 
and higher priced coals. This type of analysis shows that 
the two methods of operation cost very much the same 
when using West Virginia coal and also Illinois coal 
when obtainable at a low cost. Pulverized-fuel ad- 
vocates are improving methods for reducing the cost 
of pulverization, and stoker manufacturers are rapidly 
improving their product so that higher efficiencies are 
expected. Consequently, the difference in cost between 
the two methods will depend upon these developments. 
Future development in pulverized-fuel combustion will 
probably tend toward the reduction of investment re- 
quired and the further reduction of preparation costs. 
Unless these are balanced with corresponding improve- 
ments in stoker equipment, it is obvious that the pulver- 
ized fuel may be expected to become a much more im- 
portant factor than it now is, particularly for the poorer 
grades of coal. 

“A comparison of pulverized-fuel combustion and 
stoker operation would not be complete without con- 
sideration of capital charges. The design of pulverized- 
fuel-fired stations is a comparatively new art, con- 
sequently it is difficult to generalize on the first cost. 
. However, the figures available,” declared Mr. Hirshfeld, 
“indicate that the pulverized-fuel station may cost from 
$3 to $6 per kilowatt more than a correspondingly gen- 
erously designed stoker plant (it is assumed that the 
same maximum boiler rating is obtainable in the two 
cases). If this is assumed, the cost per million B.t.u. 
in water and steam shown for pulverized-fuel stations 
in Fig. 4 must be increased by 0.5 to 1.5 cents 
to give comparable figures. However, there appears to 
be good reason for assuming that $1 to $2 per kilowatt 
rating may be saved in pulverized-fuel plants, because 
less boiler capacity can be used advantageously than 
with stokers, so the correction indicated is probably too 
great. Depending on the fixed charges, load factor, 
station efficiency, cost differentials and other controlling 
factors, the values for pulverized fuel as shown in Fig. 
4 would therefore be increased about 0.3 to 1 cent. 


REDUCING FURNACE DEPRECIATION 


“Furnace-wall construction has undergone consider- 
able development with the intention of increasing the 
life of the walls. This has the double effect of decreas- 
ing the furnace maintenance and improving the use of 
capital by decreasing the frequency and length of boiler 
outage for furnace repair. Two distinctly different 
methods are now used. In one, the furnace walls are 
made hollow and the air, which is subsequently used for 
combustion, passes through them. The air-cooled walls, 
first used with pulverized fuel, have been extended to 
oil-fired furnaces and have just come into use with 
stokers. The direct gain in thermal efficiency due to 
absorbing the heat from the furnace walls is probably 
very small, but the indirect gain coming from better 
combustion may be of considerable importance. 

“The other method of protecting furnace walls con- 
sists of the use of protected or unprotected metal tubes 
cooled by an internal flow of water or steam. It is yet 
too early to draw definite conclusions, but it looks as if 
the following statements will prove true,” said Mr. 
Hirshfeld: “(a) With properly disposed or properly 
protected water or steam-cooled surfaces, the combus- 
tion is not impaired to any appreciable extent, if at all, 
except that smoking may be worse or more prolonged 
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when starting up a cold boiler; (b) the capacity of the 
combination of burning equipment, furnace and boiler 
may be increased, because the water or steam-cooled 
surface is equivalent to the installation of a larger 
boiler; (c) the cooling effect of the walls tends to 
reduce clinkering, so that stokers may be operated at 
higher rates of combustion; (d) the protection of the 
walls prevents early failure under high rates of com- 
bustion; (e) the thermal efficiency at any output of 
the boiler proper is practically the same as that obtained 
at the same output without furnace-wall protection, so 
that increased output is produced with an efficiency that 
does not fall off as rapidly as with unprotected walls. 

“Aside from providing means for cutting the de- 
preciation of interior walls of furnaces, the chief sub- 
ject of furnace study has been to find means of reducing 
the size of combustion chambers required to assure 
complete combustion before the gases reach the boiler 
tubes. This must be achieved by producing a rapid and 
intimate mixing of the coal and air or of products of 
partial combustion and air. It has already been attained 
to a limited extent by improved methods of admitting 
both to the furnaces, but until the advent of water and 
steam-cooled furnace walls, opportunities were limited 
because too intense combustion would destroy the 
furnace walls. At present some interesting results are 
being obtained with exaggerated turbulence in the com- 
bustion chamber in the case of pulverized fuel, although 
it is as yet too early to draw conclusions with respect to 
the possibilities of this method. 


SUPERPRESSURES DEMAND HIGH CAPACITY FACTOR 


“Demands for increased thermal efficiency led to the 
adoption of successively higher pressures, and now 
plants are in operation that use steam at pressures of 
400 lb., 600 Ib. and 1,200 lb. respectively. Steam tem- 
peratures have not risen so rapidly, because the ma- 
terials available for boiler tubes, piping and valves 
appear to set a very definite limit in this respect. 
Until new materials have been found for these purposes, 
temperatures of about 750 deg. F. are considered the 
upper safe limit. 

“It is reasonable to suppose that increased steam 
pressure and, to a lesser extent, increased steam tem- 
perature will increase the cost of generating stations, 
but this does not occur in direct proportion to the in- 
crease in pressure. In fact, the increased cost will be 
much less than one would normally expect owing to the 
rapid decrease in volume and increase in available 
energy per unit of content with increase in steam pres- 
sure. It has been claimed that very high pressures 
can be utilized without any increase in unit cost above 
that to be expected with moderate pressures in a plant 
of the same capacity. 

“Generalization with respect to proper steam pres- 
sures is exceedingly difficult at the present time, because 
changes have been too rapid and recent to permit obtain- 
ing comprehensive data. Several studies recently made 
for different conditions appeared to show that with fuel 
costs even as high as $5 per ton it would not pay to use 
pressure much if any above 400 lb. for stations intended 
to operate at an annual capacity factor of 50 to 60 per 
cent. Where a station is to be used for base-load pur- 
poses under such conditions that a high annual ca- 
pacity factor may be obtained and further under the 
condition that a long, useful life is to be expected, it 
appears that higher pressures can be justified if the 
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fuel available is reasonably high priced. In any case 
it is safest to start with the assumption that a com- 
paratively low pressure is the most economical and 
that any higher pressure must justify itself before 
acceptance. 

“There is available a means for taking advantage of 
high pressure for high capacity factor and low pressure 
for low capacity factor business, which involves the use 
of dual pressures as exemplified in the Weymouth sta- 
tion of the Boston Edison Company. It appears to be 
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FIG. 4—OPERATING COST WITH STOKERS AND POWDERED 
FUEL IN A SPECIFIC CASE 


Includes all operating costs, but omits fixed charges, for which 
see discussion. Takes into consideration coal preparation, 
auxiliary power, banking and maintenance. 





applicable only when the higher pressure is so high that 
the steam can be expanded advantageously to a pressure 
that is still sufficiently high to serve efficiently as top 
pressure for the part of the plant destined to carry 
the low capacity factor generation. 


REGENERATIVE HEATING NOW ACCEPTED 


“Bleeder, stage, or, more correctly, regenerative feed- 
water heating, has recently come into extensive use for 
increasing the thermal economy of steam plants and is 
applicable with all initial pressures, but becomes most 
effective at the higher pressures. Theoretically, the 
thermal gains from regenerative operation would be 
about 8 per cent in a station operating at 200 lb., about 
13 per cent in a station operating at 600 Ib. and about 
17 per cent at 1,200 lb. 

“The actual savings, however, are about one-third to 
one-half these values. Theoretically, regenerative heat- 
ing should be done with a great number of steps or 
stages, but practically this is not only impossible but 
also unnecessary. Two to four stages will generally 
prove to be the economic limit, because the thermal gain 
from the use of more stages will not ordinarily balance 
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the increased fixed charges and complications. Provi- 
sion for regenerative operation should be considered 
normal design for the modern power plant, according to 
experience and studies now available, any other method 
requiring proof of its greater desirability before 
adoption. 


REHEATING OF STEAM DESIRABLE 


“In stations operating with pressures in the neighbor- 
hood of 600 lb. and higher it has been considered de- 
sirable to reheat the steam once during its expansion. 
However, due to the operating problems involved, both 
designers and users are in some cases now considering 
the omission of reheating in 600-lb. plants for that part 
of the equipment which does not operate at a high ca- 
pacity factor and which is subjéct to fairly frequent 
starting and stopping. It can be applied successfully 
to base load stations on large systems where the full 
use of the plant equipment can be had the greater part 
of the time. 

“When regenerative heating was considered, it be- 
came obvious that steam-driven auxiliaries must be 
eliminated if the maximum effect was to be derived 
from the new system. This led to obtaining auxiliary 
power from the main unit or from house-service ma- 
chines coupled with the shafts of the main generators. 
This may be said to be standard present-day practice, 
although there are several marked variations. Regen- 
erative heating has also had its effect on boiler-room 
equipment, because the maximum effect from regenera- 
tive operation is obtained only when the condensate is 
heated to the highest possible temperature. When econ- 
omizers are used, the maximum possible effect is 
obtained from them when the feed water enters at the 
lowest permissible temperature. Consequently, if the 
turbine room equipment is used to the best advantage, 
more heat is thrown away in the flue gases. This is 
being combated by the use of air preheaters with or 
without economizers. 

“The air preheater is one of the very few pieces of 
power plant apparatus the use of which brings a greater 
thermal return than calculations indicate. Instead of 
merely reducing the flue-gas temperature and flue-gas 
losses, the air preheater so improves the combustion 
process that the actual gain is considerably greater than 
the saving in flue-gas losses. This gain will be greater 
the poorer the performance of the combustion equip- 
ment when supplied with air at ordinary temperatures. 
Thus chain-grate stokers burning the poorer grades of 
coal may be expected to show a greater gain from the 
use of preheated air at a given temperature than can 
underfeed stokers burning a very good grade of coal 
with air at the same temperature. 

“Improvement in fuel-burning equipment and fur- 
naces, coupled with the desire to conserve investment, 
has led to the operation of boilers at higher and higher 
output per square foot of boiler heating surface. This 
has forced greater attention to the character of the feed 
water, and many plants now operate with very nearly 
pure water. The presence of air in solution in the 
water is frequently highly undesirable and has led to 
designs in which the feed water is either de-aérated or 
kept out of contact with air from the time it leaves the 
condenser hot well until it arrives at the boiler. How- 
ever, unless a closed system is very well designed and 
operated, it is almost impossible to prevent air absorp- 
tion at some point. 
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Typical Western Hydro-Electric Installations 


The first view shows a relief valve by-passing 26,000 hp. 
under 880-ft. head at the Oak Grove plant of the Portland 
Electric Power Company. 

The inset at the top is the main operating floor of the 
Oak Grove plant of the Portland Electric Power Company. 

At the right is shown a photographic cross-section of 
one of the 33,000-hp. reaction turbines in the Pit River 
No. 3 power house of the Pacific Gas & Electric Company. 

The view below shows the double overhung, single- 
nozzle Pelton, San Francisquito No. 1 plant of the city 
of Los Angeles. Capacity 16,000 hp. Head 800 ft. to 900 ft. 
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A Discussion of the Important Features of Design of Impulse Water Wheels and Reac- 
tion Turbines — Improvements Are Shown in Relief Valves, Governors and in Auxiliary 
Apparatus—Rubber Seal Rings Prove Successful 


Present Trends in 
Western Hydro-Electric Practice 


By ELY C. HUTCHINSON 


Vice-President and General Manager Pelton Water Wheel Company 
San Francisco, Cal. 


for the present-day large capacity hydro-electric 

units that it is assumed the reader is well in- 
formed in this respect. The types of hydraulic units 
employed in the modern plants are also well established 
so that constructing engineers are generally untroubled 
in determining whether their installation conditions are 
suitable for impulse or reaction type prime movers. 

Within either of these broad classifications, however, 
it is not always so simple to decide on the design best 
suited to the service. The physical conditions for the 
installation have a very direct bearing upon the design 
of the equipment used, hence there are no hard and 
fast rules which may be applied in all cases. There 
are, however, certain axiomatic requirements: 

The hydraulic units must be selected of such size and 
number as will insure the best efficiency for all condi- 
tions of plant operation. 

Whatever the circumstances, their design must be 
such as to require the minimum operating personnel. 

There must be perfection of mechanical detail, as 
this bears directly upon economy of operation, reliabil- 
ity and continuous service. 

Means for replacement of wearing parts and for 
making adjustments with a minimum out-of-service 
must be provided. 

Lubrication and facilities for inspecting and correctly 
interpreting the working conditions of all vital parts 
of the mechanism must be complete. 

Accuracy in speed regulation, rapid synchronizing 
facilities and sensitive control of the units from the 
switchboard are essential. 

It is in these directions that some of the most con- 
structive work is being done. In plant arrangement 
and in design of the prime movers, improvements are 
constantly being made as the result of experience. Each 
to be built is better than its predecessor and there is 
no doubt that the ones yet to be built will progress 
beyond those of the present. 


S: MUCH has been said recently as to the reasons 


IMPULSE WHEELS 


Although there are numerous forms in which water- 
wheel units of the impulse type may be built, but two 
are generally used in modern hydro-electric practice. 
For plants having no storage facilities or when the 
generation of power is from water that must be con- 
tinuously delivered from an upper to lower level reser- 
voir, non-water-economizing nozzle equipment is used. 
Speed control in such cases is accomplished either by 
deflecting the jet away from the wheel with a stream 
deflector or by the use of a nozzle that itself is de- 
flecting. The former construction is more generally 





used, as it eliminates the maintenance and risk of 
interruption to service because of difficulty with the 
ball joint of the deflecting nozzle. When it is possible 
to store water, the water-economizing nozzles, in which 
the supply of power water to the wheel is automatically 
controlled by the governor, are employed. With this 
construction, safety to the penstock during times of 
rapid speed regulation is obtained by the use of an 
auxiliary relief needle regulating nozzle connected to 
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NOZZLES AND GOVERNING EQUIPMENT FOR A 35,000-HP. DOUBLE 
OVERHUNG WATER WHEEL DESIGNED FOR 1,900-FT. HEAD 


the body of the main power nozzle and worked simul- 
taneously with it by the governor. 

In either of the cases described, the units may be of 
the single or double overhung construction, in which the 
water-wheel runner is overhung beyond the bearing on 
an extension of the shaft. In these constructions, as 
the shaft design is primarily dependent upon the water- 
wheel requirements, it is provided by the builder of 
the water-wheel equipment. A modern double over- 
hung, single nozzle Pelton wheel is shown in an ac- 
companying illustration. It will be noted that the gen- 
erator is mounted on the shaft between two bearings 
and a water-wheel runner is overhung on each end of 
the shaft. The single overhung construction is quite 
the same as to detail, excepting that there is a water 
wheel on only one end of the shaft. 

Methods of assembling the water wheel and gen- 
erator rotor to the shaft have been greatly improved. 
Where it is advisable to expand the bores by heating, 
the steam box is seldom used. Heat is now obtained 
electrically by winding the rotating parts with wire 
through which current is passed. The engineers of 
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Top view—A 22-in, self-aligning ball-and-socket bearing. 

Center view—Governor actuator and gage board for one of the 
33,000-hp. reaction turbines in the Pit No. 3 power house of the 
Pacific Gas & Electric Company. 

Bottom view—One of the individual oil-pumping sets for the 
Pelton governors in the Pit No. 3 power house. 





the Pacific Gas & Electric Company of San Francisco 
were the first to inaugurate this system and it has since 
been followed by others with marked success. 

Bearings up to a certain size are made of the self- 
aligning, ring-oiling ball-and-socket type. A bearing of 
this type is shown on this page. There is, however, a 
practical limit to the size of bearing in which the ball- 
and-socket design can be used. Consequently for the 
heavier duties bearings of rigid construction are em- 
ployed and special regard is given to lubricating oil 
distribution and cooling. One bearing of each water- 
wheel unit is generally insulated completely. 

Nozzles follow the construction familiar to users of 
Pelton wheels. Numerous experiments have been made 
from time to time to determine, if possible, a superior 
metal from which the needle point and seats may be 
made. No universally successful results have, however, 
been secured. It appears that it will continue to be 
necessary for power companies to determine by indi- 
vidual experimentation the metals best adapted for 
service in the wearing parts of their equipment. 


NON-WATER-ECONOMIZING WHEELS 


In water-wheel units of the non-economizing type, 
as previously stated, speed regulation is obtained by 
means of deflectors or stream benders that are directly 
actuated by the governor. With such an arrangement 
it is customary to provide nozzles of rigid construction, 
with hand or power-operated needles so that the 
amount of water discharged through them may be 
regulated at will by the power house operator to accord 
with variations of stream flow. The needles are usually 
set at hourly intervals, and if any governing is to be 
required of the unit, the operator will set the nozzle 
to deliver a water supply equal to that required by the 
immediate power output plus a margin for governing. 
Thus when an increase of load occurs suddenly, the 
governor will move the stream deflector out of the way, 
permitting a greater water discharge directly upon the 
wheel. If this operation be analyzed, it will be found 
that a considerable quantity of power water is wasted 
continuously in the interest of speed regulation. Units 
of the non-water-economizing type are therefore 
adapted only to cases where such waste is of no im- 
portance or where the unit may be operated entirely 
upon block load with the governor set to keep the 
stream deflector always away from the stream so that 
the full discharge may be utilized in power develop- 
ment. This necessarily implies that governing opera- 
tions must be done with other units or at other plants 
in the same system. 


WATER-ECONOMIZING IMPULSE WHEELS 


The auxiliary relief needle regulating nozzle is de- 
signed primarily to secure maximum economy of water 
at plants where there is water storage available and it 
is desirable to regulate the speed of the unit under 
variable loads without water loss. It is this type of 
construction (see illustration on page 615) that is used 
almost entirely in the present-day plants. It is a most 
compact design and answers all the requirements for 
successful and continuous service. Each of the nozzles 
has two outlets that work co-ordinately to insure a 
proper supply of power water to the wheel at all times 
and to prevent pressure rise in the penstock during 
periods of variable supply of power water to the wheel. 

The power needle is actuated by a servo-motor at the 
rear of the nozzle body, and the relief needle takes its 
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motion from a connection to the power needle, both 
being under direct control of the governor, which is 
built into and becomes an integral part of the nozzle 
mechanism. It is customary to receive the jet discharge 
from the relief needle upon a vortex type baffle, the pur- 
pose of which is to receive the full impact of the tem- 
porarily discharging jet and effectively absorb its 
energy so that it may continue harmlessly down the 
tailrace. 

To date the largest impulse wheel installed on the 
Pacific Coast is that known as Unit No. 4, at the Big 
Creek Power House No. 2 of the Southern California 
Edison Company. This unit is of 35,000 hp. capacity, 
operating under an effective head of 1,900 ft. Manu- 
facture has just been completed of two units of similar 
design, each with a capacity of 40,000 hp., for installa- 
tion in South America, under a head of 2,230 ft. 


REACTION TURBINES 


In the field of reaction turbine design and operation it 
has been the endeavor to improve and develop designs 
for particular service in this part of the country. Many 
of the turbine installations of the West are operating 
under conditions not duplicated nor hitherto encoun- 
tered elsewhere, and as a result there necessarily has 
been developed a distinctive type of design. 

Because of the usually higher operating heads and 
rotating speeds, turbine steady bearings are of the 
babbitt-lined, oil-lubricated type in preference to the 
water-lubricated, lignum vite construction used so 
much in the East. The oil-lubricated bearing will last 
much longer and will run with a smaller clearance. The 
lubricating oil may be supplied by gravity from a 
central-station system or by separate circulating pump. 
All the high head turbines are fitted with specially 
designed stuffing boxes where the shaft passes through 
the ring casing cover. These stuffing boxes are 
arranged with glands and drains and are packed with 
graphite-metallic rings. In four and one-half years of 
operation at the Kern River No. 3 plant of the Southern 
California Edison Company, where there are two 
25,000-hp. turbines operating under 810-ft. head, one 
unit has had no renewal of packing in the stuffing box 
and the other has had but one packing ring replaced. 

General construction and arrangement of power 
houses tend toward a design that will permit the 
removal of the runners from below rather than by the 
method of lifting them upward. 


RUBBER SEAL RINGS 


The use of rubber seal rings is continuing with 
increasingly successful results. The best recent example 
of the use of rubber seal rings is at the Oak Grove plant 
of the Portland Electric Power Company, where there is 
one unit using them under 880-ft. effective head and 
developing 35,000 hp. at 514 rpm. After eleven 
months of operation the seals show no indication of 
wear. Two of the three 33,000-hp. turbines at the new 
Pit River No. 3 plant of the Pacific Gas & Electric Com- 
pany are operating with rubber seal rings. Rubber 
seals are also giving very good service in several units 
in operation in ‘Mexico. It may be said at this time 
that rubber seal rings are full of promise and when 
other successfully operated installations are added to 
those that are now using the rubber rings, there will 
soon be a sufficient history to give background to the 
expectation that they will have met a difficult problem 
in the field of turbine design and operation. 
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Top view—Operating floor, showing power house arrangement 
at Pit River No. 3 power house. 

Center view—Main steady bearing, gate-shifting mechanism, oil 
pumps, etc., on one of the reaction turbines at Pit No. 3. 

Bottom view—Winding arrangement used in heating the rotor 
of a 35,000-hp. unit recently installed at Big Creek No. 1 
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Western practice differs considerably from that of 
the East in its use of relief valves in connection with 
turbine installations. Although relief valves have 
always been.a necessary part of turbine installations in 
the West, they are becoming even more important as the 
sizes of units increase to meet present-day needs. There 
are very few plants in the West that have such short 
pipe lines or passages from source of water supply to 
the turbine as to make it impossible under any circum- 
stances, including even the complete loss of pressure oil 
and governor control, to create an excessive pressure 
rise. As a rule Western penstocks are of considerably 
greater length than in the East, and consequently the 
possibility of damage and serious accident from exces- 
sive pressure rise leads to the desirability of relief 
valves. An accompanying illustration shows 26,000 hp. 
discharging through the relief valve under a head of 
880 ft. at the Oak Grove plant of the Portland Electric 
Power Company. 

The fact that the turbine governor may be slowed 
down in speed of 
closing stroke to 
such an extent as to 
keep the pressure 
rise within safe 
limits is not a suffi- 
cient reason to elim- 
inate the relief 
valve. The loss of' 
pressure oil or an 
accident to the 
governor of such a 
nature as to cause 
complete loss of 
control of the tur- 
bine guide vanes 
may easily result in 
velocity variations 
in the penstock of 
such extent as _ to 
bring disaster. The 
only safeguard that 
can be had against 
such contingencies 
is the proper instal- 
lation of a relief valve so mechanically connected that it 
will work inversely with the guide vane mechanism of 
the turbine, even though governor control may be lost. 
It is, of course, important that relief valves shall 
resemble as closely as possible the turbine guide vanes 
in discharge characteristics. 





DEMOUNTABLE TYPE IMPULSE 
WHEEL RUNNER 


This wheel runner is for one of the 


35,000-hp. wheels in the Big Creek 


No. 1 power house of the Southern 
California Edison Company. Operat- 
ing head 1,900 ft, 


GOVERNORS 


Governors of the actuator type are used for both 
impulse and reaction type installations in the larger size 
of units. The servo-motors for which the governors 
control the supply of pressure oil are, as a rule, mounted 
directly on the turbine or on the nozzle mechanism of 
the impulse wheel. Effort is being made to simplify 
the governor mechanism as much as possible, and of 
course with the larger units there is a demand for 
extreme accuracy and sensitiveness in the regulation. 
It has been plainly demonstrated that the governors 
should, as far as possible, be in an accessible position 
where they may be readily inspected by the operator on 
duty and also where they may be in plain sight and 
within easy communicating distance of the switchboard 
operator. An arrangement of this sort is of incal- 
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culable benefit in the starting-up operations and in the 
general control of hydraulic units. 

Perhaps the best recent example of an installation in 
which every advantage has been taken of simplified 
station operating practice, including that of properly 
locating the governor, is the Pit River No.3 power house 
of the Pacific Gas & Electric Company. Accompanying 
illustrations give a very good idea of how this has been 
done. The usual belt drive for governor actuators has 
been replaced by a mechanical gear drive in preference 
to any other on account of its extreme reliability and the 
assurance that the operation of the governor head will 
be in step and directly proportioned to the operation of 
the turbine shaft at all conditions of speed and turbine 
load, as well as all conditions of electrical operation. 
This type of governor drive was used on the units at 
the Pit River No. 3 power house of the Pacific Gas & 
Electric Company and is shown on page 616. 

Indicating instruments on the switchboard communi- 
cate directly with the governor, so that the operator at 
the board is able to tell continuously just what is going 
on at the machine itself. In addition, the switchboard 
operator is able to shut down the entire unit by a push 
button should this become necessary for emergency 
reasons. The governor actuators have been provided 
with all of the various safety appliances and in addition 
it is possible to change from hand to governor control 
or vice versa with the operation of a single latch lever. 


OIL PRESSURE SETS 


Individual oil pressure sets are furnished for each 
main hydro-electric unit. These are generally made 
with single air pressure accumulating tanks and dupli- 
cate pumps, one being electric motor driven and the 
other water motor driven. Such an arrangement is 
shown on page 616. The oil supply is volume controlled 
—that is, the oil supply to the tanks is regulated by a 
difference of level of the oil in the tank itself and not by 
a difference of pressure within the tank, as ordinarily 
has been the custom. 

With the volume-controlled system the oil level in the 
tank is independent of the oil pressure and this pre- 
vents failures in operation. A small amount of air can 
be drawn in through the oil suction to make up for leak- 
age. If too much air is drawn in, an increase of pres- 
sure within the tank will result. This is relieved 
automatically through an air blow-off valve. As a safe- 
guard, the pressure accumulating tanks are usually 
provided with high and low-pressure alarms and also 
a low oil level alarm, so that every precaution is taken 
to maintain the necessary constant supply of pressure 
oil for the governors. 

It is general practice to provide main stop control 
valves at the lower ends of the penstocks adjacent to 
the hydro-electric unit and also emergency shut-off 
valves at the upper ends of the penstocks, the latter 
being arranged for emergency control directly from the 
power house. There is no set design or type of valve 
for the lower end of the penstocks; Johnson needle 
valves, hydraulic cylinder or water motor-operated gate 
valves and those of the butterfly type all have their 
place and are used in accordance with conditions. 

At the upper ends of the penstocks, butterfly valves 
are more generally used than any other. These, as a 
rule, are fitted with electric motors and may be closed 
either from the power house or at the valve itself. The 
opening operation which involves the filling of the 
penstock is carried out exclusively at the valve. 
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Increased Reliability of Service Is a Great Boon to the General Public—Savings Effected 
in Operating Costs and Investment Charges Insure Lower Rates in Due Course 


Popular Benefits of Interconnection 


An Interview with 
SAMUEL FERGUSON 
President Hartford (Conn.) Electric Light Company 


‘| NHE BENEFITS of in- 
terconnection are in- 
creasing so rapidly 

under skillful operation that 

in some quarters a tendency 
has been much in evidence of 
late to impute purely selfish 
motives to public utilities in 
reaping the rewards of their 
enterprise in this attractive 
field. Attacks of this kind 
are doubtless made either 
through ignorance or for po- 
litical effect, but the subject 
is so important in relation to 
so-called superpower develop- 
ment, operating economies and 
capital savings that a repre- 
sentative of the ELECTRICAL 

WORLD recently asked Mr. 

Ferguson for a few plain 

truths on this matter with 

particular reference to the 
public welfare. Mr. Fergu- 
son’s appreciation of the eco- 
nomic value of interconnec- 
tion to the utilities and their 
public has found expression in 
recent years in the develop- 
ment of a number of im- 
portant tie-ins that have contributed substantially to the 
reliability and efficiency of central-station service in the 
lower Connecticut Valley, culminating in the co-opera- 
tive construction and operation of a recently com- 
pleted interconnection among the Hartford, Springfield 

(Mass.) and Turners Falls companies, which, with an 

outlay of about $700,000, has saved a $3,000,000 invest- 

ment in steam plant capacity. 

When asked whether the charge is not unjust that 
the utilities are “hogging” the benefits of interconnec- 
tion, Mr. Ferguson replied that the betterment of serv- 
ice resulting from an intelligently handled tie-in among 
companies has a far-reaching and a profound influence 
for good upon the user of electricity, no matter how 
small may be his consumption of energy. “The im- 
portance of reliable service is paramount to the public 
welfare,” he said, “and the prevention and shortening 
of interruptions now becoming a routine matter in in- 
tersystem load transfers means very considerable sums 
to communities enjoying interconnected operation. On 
a single recent day the Hartford-Springfield-Turners 
Falls ‘Power Pool’ was called upon for an emergency 
Supply of 12,000 kw. for an hour to an adjacent system 
and to deliver 7,500 kw. to another company to meet a 





SAMUEL FERGUSON 


shortage resulting from un- 
expected plant trouble. These 
services were rendered as a 
public duty under conditions 
very unfavorable to econom- 
ical operation on our own 
system; in fact, the logs show 
that for that day our plant 
efficiency record was badly 
upset by these emergency 
demands from outside. It is 
needless to enlarge upon what 
the willingness and the ability 
to take on loads of distant 
industries, municipalities, 
mercantile establishments, 
homes and public services like 
traction lines mean in times 
of crisis. Even where suffi- 
cient time is available to 
enable an outside company to 
be supplied during a period 
of low water, plant construc- 
tion or other foreseen condi- 
tions on a basis that is not 
destructive to the economy of 
our own or electrically allied 
properties, the local public is 
the beneficiary of the ar- 
rangement through well-main- 
tained standards of supply, including good voltage 
regulation, continuous interim power at controlled 
frequency and in capacities usually far in excess of 
what could be had at reasonable cost by depending upon 
a policy of self-isolation in power production. 

“The economic success of an interconnection and its 
public benefit are closely dependent upon the intelligence 
with which it is handled,” said Mr. Ferguson. “It is 
clearly in the public interest that no party to an inter- 
connection shall benefit (except under emergency con- 
ditions) at the expense of any other; but only through 
its proper share, be it large or small, of the very great 
savings, both in plant capacity and operating cost that 
are affected by skillful administration. Bargaining as 
to price should be absolutely subordinated to a de- 
termination of savings, and in the case of capacity, to 
allocating the proper share of the payments of the 
ultimate consumer to the money that provided the 
facilities to render him service, wherever such facilities 
may be located.” 

“How is this co-ordination achieved in the new Turn- 
ers Falls-Hartford interconnection, as a practical in- 
stance?” asked the ELECTRICAL WORLD field editor. 

“In this case,” said Mr. Ferguson, “the mechanism 
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of energy exchange is interesting, and despite its 
novelty, in this section of the country at least, appears 
to be working well in stimulating the maximum economy 
at each plant and in handling the savings. A paper 
organization has been set up among the three companies 
known as the ‘Exchange Board’ or ‘Pool,’ consisting 
of one representative from each company and a manager 
engaged by them to co-ordinate daily and hourly the 
load dispatchers of the different companies. It is the 
duty of the Pool manager to buy for the Pool from any 
company at the lowest possible price at which that 
company can furnish electricity without actual monetary 
loss—that is, at its then increment of fuel costs, which 
will, of course, vary from hour to hour and day to day 
according to the then existing load and machinery con- 
ditions. The manager, at the same time, sells to one or 
both other companies according to the best use they can 
make of the available energy, the sale price being again 
the increment cost or saving. In this way neither the 
furnishing nor the receiving companies benefit finan- 
cialiy by the transaction, but the entire spread remains 
in the Pool and represents the savings effected by intel- 
ligent interconnected operation. 

“Similarly, surplus water is distributed to effect the 
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greatest saving in fuel cost, the receiving company pay- 
ing the Pool the full fuel saving on the surplus water 
which the Pool has purchased at increment cost or at 
zero cents per kilowatt-hour. The Pool renders daily 
statements to each station operator of the results in 
dollars saved (or lost, as sometimes occurs), and with 
these to guide them, the proficiency of what might be 
called the exchange technique is steadily improving. 
Once a month the Pool income, expenses and profit are 
totaled, and the last is equally divided among the three 
companies. 

“Interconnection based on sound engineering and 
operating ability reduces the over-all cost of service by 
cutting down investment costs and running expenses,” 
said the Hartford:-company president, “and the history 
of the central-station industry with its downward trend 
of prices from the early days through the fiery furnace 
of the World War to the present shows beyond the 
shadow of a doubt that to increasing and diversified 
volume of electrical energy sales and lowering unit costs 
from whatever source must be attributed the economic 
triumph that has constantly been shared by electric 
light and power companies with their owners and cus- 
tomers, now so increasingly one and the same.” 





Low-Temperature Distillation 
and the Central Station 


By GEORGE A. ORROK 
Consulting Engineer New York Edison Company 


T IRREGULAR intervals 
At recurrent waves of 
the conservation program 

bring to the public mind the 
enormous values of the by- 


products of coal that are thrown 
away in the process of combus- 


By-Product Saving in Power 
Production Offers Little to Cen- 
tral Stations — Survey of Proc- 
esses and Accomplishments — 
Fields of Application Outlined 


1893 the byproduct coke oven has 
been in use in this country for 
the production of metallurgical 
coke, displacing the beehive oven, 
until today about 75 per cent of 
the metallurgical coke supply is 
made in the byproduct oven and 





tion and contaminate the air 
around our large cities and industrial plants. The 
ammonium and cyanide compounds considered as by- 
products are prominently quoted as being capable of 
supplying all our needs for fixed nitrogen for the manu- 
facture of fertilizer, the benzol and light oils as a sub- 
stitute for high-priced gasoline, the creosote compounds 
for wood preservative and paint, and the phenol and 
related compounds to make us independent of foreign 
countries in the matter of dyestuffs. It is generally 
believed that the gas, again generated as a byproduct, 
would supersede the natural gas supply, and coke, the 
real primary product, would furnish a cheap and effec- 
tive smokeless household fuel. These general ideas have 
been expressed many times and under many dresses in 
the daily press and have been exploited by promoters 
and inventors in many forms during the last half-century. 
The city gas companies have been carbonizing coal 
and saving byproducts for many years; their chief 
business, however, is the manufacture of illuminating 
gas, the byproducts being usually more or less of a 
disappointment, particularly the coke, which does not 
always command a ready sale as a smokeless fuel. Since 





it is probable that the beehive 
oven will have almost entirely disappeared by 1930, less 
than 40 years after the first retort oven made its appear- 
ance in the United States. Roughly, 13 per cent of the an- 
nual production of bituminous coal is coked in byproduct 
ovens today, while the city gas companies use about 
1 per cent, a total of 14 per cent of the 483,000,000 tons 
of bituminous coal produced in 1924. 

The last year of complete statistics is 1922. In this 
year, the Geological Survey reports show roughly 
55,000,000 tons of coal carbonized, yielding 723,836,- 
188,000 cu.ft. gas, valued at $337,117,610; 31,428,332 
tons of coke, valued at $188,276,767; 480,416,990 gal. of 
tar, valued at $10,255,183; 951,523,241 lb. of ammonia 
(sulphate equivalent) , valued at $23,525,457; 108,899,205 
gal. of light oils, valued at $15,954,135, and about 
$190,000 worth of other byproducts; making the recov- 
ery value per ton of coal carbonized, leaving out the 
value of city gas, roughly $5 per ton. 

It is pointed out in this same report that the demand 
for byproducts has a very definite limit which has re- 
tarded the development of the byproduct industry. It 
may be noted that although 70 per cent of the gas was 
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made in coke ovens, its value was only 10 per cent of the 
total, the remaining 30 per cent made in gas works 
carrying 90 per cent of the values. A large proportion 
of the 70 per cent made in the coke oven was used in the 
manufacturing process itself, no market being found for 
the surplus. Only about 48 per cent of the tar found a 
market, the remainder being used for fuel. The ammo- 
nium sulphate averaged $49 per ton and was, therefore, 
sold at a loss, as it costs on an average about $50 per ton 
to produce. 

The report declares: “It is a common error to calcu- 
late the potential value of the byproducts of bituminous 
coal by multiplying the total quantity of raw coal 
burned in the country by the average yield of by- 
products from the best byproduct coal and multiplying 
this product in turn by the high market prices of the 
last few years. An expanding market for those 
products that will stand transportation and an adequate 
local outlet for the gas is thus of critical moment.” 


CLASSIFICATION OF PROCESSES 


Low-temperature carbonization has been in use in 
some of its many forms for a considerable period and 
with varying degrees of success, but generally in con- 
nection with some large industrial or metallurgical 
plant. One of the best examples is the Mond byproduct 
gas plant at Dudleyport, South Staffordshire, which has 
been in successful operation for more than 20 years. 
In general, we may classify all low-temperature proc- 
esses as: (1) Externally heated retorts, (2) internally 
heated retorts, (3) complete gasification processes. The 
average yields per ton of coal of each type is given in 
the following table, where type 4, that of the average 
high-temperature process, is given for comparison: 


TABLE I—LOW AND HIGH TEMPERATURE CARBONIZATION 








Type | Type 2 Type 3 Type 4 


Gas; euth. Der BOM... us ces e's ved 5,200 35,000 112,000 16,000 
Ammonium sulphate, Ib. per ton...... 18 22 45 32 
ATE, I CBs Se chides cbenae ; ; 2.5 2.0 3.0 1.5 
Ce hes a soko oh Work diate gk eh 18 16 24 12 
Capital cost per ton daily output. . $2,500 $2,400 $1,900 $3,750 





These figures are averages of many experiments, and 
large variations exist between individual processes and 
individual coals. Using the same coals, it is well to 
remémber in the face of some promotion enterprises 
that no processing can increase the heat yield per ton 
of coal, and it should be remembered that except for a 
probable slightly better heat balance in the low- 
temperature processes the individual processes differ 
only in the distribution of heat units among gas, coke, 
tar and radiation. 

Low-temperature carbonization obtains more tar at 
the expense of less gas than the high-temperature 
process; also the lower temperature yields less ammonia 
and through the absence of cracking a higher thermal 
value gas, which naturally yields more light oil on 
scrubbing. The wastage is also higher, because of the 
larger quantity of unsaturated hydrocarbon compounds. 

Some of the processes of low-temperature carboniza- 
tion are prima facie promotion enterprises and appear 
unsound to one acquainted with the conditions surround- 
ing the processing, but most of them, and some in 
particular, may be creditable attempts to solve the 
problem. As to the latter, several plants have been 
erected with a daily capacity of 100 tons and in one 
case a plant with a capacity of 500 tons per twenty- 
four hours has been built. Some of the plants have 
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been financial failures and some have had a small 
margin of profit, but this is not discouraging, as the 
process, plant and the organization are all subject to 
improvement. 

Low-temperature carbonization has been practiced in 
a great variety of retorts, but in general they can be 
assigned to one or more of the following classes: 
Static or dynamic; internally or externally heated, or 
both; vertical, horizontal or inclined. In some cases 
the coal is briquetted before coking, in others after 
coking, and in still others between primary and second- 
ary coking. In some cases the coal is not briquetted at 
all, and in some cases it is finely pulverized. A great 
number of coals from all over the world have been 
tested in low-temperature experiments and retorts have 
been developed in nearly every important country. In 
the United States mention should be made of the Carbo- 
coal, Bostaph, Piron-Caracristi, Traer, Summers and 
other processes; in England of the Nielsen, Coalite, 
Fusion, Pure Coal Briquet, Everard-Davis, Maclaurin, 
Marshall-Easton, Freeman, Tozer, Richards-Pringle, 
Lamplough, Mond, and other processes, as well as the 
work of the Fuel Research Board; in Germany of the 
Thyssen, Raffloer, Fisher-Gluud, Strache process, etc. 


OBSTACLES TO PROGRESS 


The great obstacles that have hindered progress in 
low-temperature coking are (1) mechanical difficulties 
and (2) thermal difficulties. The mechanical difficulties 
have arisen through the necessity of handling hot, 
sticky, plastic materials and the evil of hard graphitic 
deposits. The thermal difficulties arise through the 
reduced temperature gradients and resultant troubles of 
heat transfer. Neither of these difficulties has been 
surmounted, but efficient design is progressing toward 
the solution of the one, and the recognition of certain 
principles, such as that of using thin layers of coal to 
facilitate heat transfer, is pointing to the solution of 
the other. The use of thin layers, however, brings for- 
ward another problem—the multiplicity of retorts with 
attendant high labor costs, high maintenance and dif- 
ficulty of bulk processing. 

The financial status of low-temperature coking is 
closely allied to its economic aspects. The coke in most 
cases is too fragile for blast-furnace use; in some cases 
it is fit for foundry use, and in the domestic fuel market 
it must compete against its own raw material, bitumi- 
nous coal. It is claimed that the great outlet for low- 
temperature coke is the electric central station, where 
the yield of byproducts may be credited to lowering the 
fuel cost. The disposal of large quantities of gas is also 
a perplexing problem, and is quite serious even near 
large cities and industrial centers and where an electric 
central station is engaged in joint operation with a gas 
company. Low-temperature tar, after the extraction of 
light oil, is at present of questionable value. Tar 
distillers are doubtful of its value to them, but some 
authorities hold out hope of utilizing its high creosotic 
content in the wood-preserving industry. The only 
assured market is that of a fuel oil sold on a B.t.u. 
basis. The ammonium sulphate will probably realize a 
small profit, but the effects of large quantities upon the 
market cannot be predicted. Meanwhile the use of 
ammonium sulphate has grown from 30,000 tons in 1900 
to 500,000 tons in 1920 and is now reasonably constant 
at about this figure. Little difficulty should be en- 
countered in disposing of the light oil as high-quality 
motor fuel. : 
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The best discussion of the byproduct process in con- 
‘nection with the electric light and power central station 
has been written by Dr. G. Klingenberg under the pres- 
sure of war times and given to the Verein Deutscher 
Ingenieure in 1917. He has lately embodied the major 
part of the discussion in the 1924 edition of “Bau 
Grosser Elektricitatswerke.” After a rather full con- 
sideration of the national demand for byproducts of 
the carbonization of coal and the resultant values, he 
worked up the economies of a number of schemes, in- 
cluding both steam and gas plants under various condi- 
tions of coal and byproduct prices, and came to the 
following conclusions: 

“1. The direct firing of coal is always superior to its 
gasification when coal costs more than $1.50 per ton and 
when the income from byproducts amounts to less than 
$1.62 per ton. (The higher the price of coal the less 
are the prospects for the erection of a plant for gaining 
byproducts economically.) From this we conclude, first, 
that byproduct plants (with producers) for German 
bituminous coals having small nitrogen contents are not 
feasible. Also coals having an average content of 
nitrogen can only be gasified under the assumption that 
the sulphate price remains at normal height. 

“2. As long as the coal price lies under $3.50 per ton, 
byproduct plants work more economically in connection 
with steam turbines than with gas engines. 

“3. Gas engine plants come into consideration only 
when coal is higher than $3.50 per ton and when the 
income from byproducts amounts at least to $2.50 per 
ton of coal. 

“The load range within which direct firing has pref- 
erence is the greater the less is the byproduct income. 
The direct firing of coal is, for all load conditions and 
reasonable coal prices, the cheapest kind of operating as 
long as the income from byproducts is less than about 
$2 per ton of coal processed.” 

Klingenberg’s figures were very carefully made for 
three types of plant, with a number of assumed coal 
prices and byproduct yields as well as prices. Fixed 
charges were taken into account as well as operating 
charges and in general the study is a model of careful, 
painstaking work. Dr. Klingenberg stated in public here 
in New York on his visit in 1924 that he saw no reason 
at that time to change the general conclusions reached 
in his 1917 paper. 


MorE COAL USED IN BYPRODUCT PLANTS 


Klingenberg’s paper also shows the well-understood 
fact that with the saving of byproducts much more coal 
will be used. He says: “The repeated assertion that 
the direct burning of coal without saving of byproducts 
represents a vast waste of fuel and of the national 
wealth is therefore misleading. The coal indeed con- 
tains important and valuable ingredients that are 
destroyed, but against this there is a distinct conserva- 
tion of our coal resources.” The paper brings out 
clearly another well-known but considerably neglected 
fact. All coking and byproduct operations are con- 
tinuous operations when conducted in quantity, and 
variations in output are secured only at a prohibitive 
expense. Power and lighting loads, on the contrary, are 
variable output operations and system load factors 
higher than 50 per cent are unusual. His diagrams 
show clearly the unfortunate effects of a low or variable 
load factor on the byproduct plant. 

Base load central-station plants are possible and a 
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few plants of this character are in existence. How long 
they will remain of this character it is impossible to 
predict. Junkersfeld, in the discussion of the writer’s 
paper on “High Pressures and Temperatures” presented 
to the A.S.M.E. in 1922, brought out the fact that the 
capacity factor of turbines five years or more old in 
most of the best-operated companies had dropped to 32 
per cent, showing definitely that base load operation 
would at least be limited to less than that time. Junkers- 
feld’s discussion takes into account only the improve- 
ments in turbine design up to that date, but this im- 
provement is continuing and has continued since the 
first Edison pioneer station went into service. Each 
new installation goes a step beyond the last, and no one 
buys machinery for delivery at some future time be- 
cause of this improvement in economy. 


FIELDS OF APPLICATION 


The central-station industry uses less than 6 per cent 
of the annual coal supply. Manufacturing plants and 
isolated plants use 28 per cent of the same annual 
tonnage. The power generated is about the same for 
each class of plants, but the coal per horsepower is on 
the average four and one-half times as much in the 
manufacturing industries as in the central-station in- 
dustry. It does not appear, therefore, that there is 
much of a chance of coal saving through the application 
of byproduct working to the central-station industry. 
There appears to be very little chance of success in the 
manufacturing and isolated plant classification, as most 
of the plants run on a 40 per cent load factor, unsuited 
to byproduct working. The coke and gas industry will 
be on a 100 per cent byproduct basis by 1930 if all 
signs do not fail. Where, then, is the field for low- 
temperature carbonization? 

The Fuel Research Board of Great Britain has 
secured its appropriations for research for a smokeless 
household fuel to replace the very smoky qualities of the 
“coals” available for this purpose in England. In this 
country we have had the only supply of real anthracite, 
the Welsh anthracite being only a good variety of 
bituminous coal. But anthracite is now termed a 
“luxury fuel,” much sought after and bringing high 
prices. Most of the work in England has been to 
supply such a household fuel as anthracite, and this 
the low-temperature coke will make when properly pre- 
pared and briquetted. The English and German farmer 
has no prejudice against “white” fertilizer and the 
ammonium sulphate brings a fair price. Motor spirits, 
“petrol,” is high priced and likely to be higher, and 
where the shale oil industry has flourished, as it has 
in Scotland for 50 years, low-temperature carbonization 
has an assured and profitable future. 

In the United States, with tank gasoline selling for 
15 cents per gallon, benzol at 25 cents, with about 48 
per cent of the byproduct gas burned at the coke oven 
or wasted, and with good 19,000 B.t.u. tar selling in the 
tank car at less than 6 cents, there appears to be little 
call for the process at this time. 

Meanwhile the development work is proceeding. We 
have been told that our oil supplies are waning. The 
anthracite seams are being worked out and it is im- 
probable that the 1918 peak output will ever be repeated, 
and our farming lands in the future will require more 
fertilizer. And thus the field for the low-temperature 
process may become as assured in this country as it 
is abroad. 
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Growth and Development of Generating Stations and the Principal Types of Apparatus of 
Which They Are Composed Are Concisely Reviewed—Future Possibilities Are Predicted 


What Is Ahead 


in Power Plant Design 


By B. N. BROIDO 
Consulting Engineer the Superheater Company, New York, N.Y. | 


laws. In no field does this hold more than in 

engineering, and particularly in power genera- 
tion. Improvements have kept pace with growth and have 
gone hand in hand with it. In the past, the tendency 
of improvements in power generation has always defi- 
nitely been toward increased magnitude of equipment 
with a hope for more economical operation. 

In the future, improvements will probably be directed 
more toward perfection of present equipment and intro- 
duction of new methods for generation of power more 
economically. Although there appears to be no definite 
limit in sight as to the aggregation of generating units 
in stations, nor to the combination of stations into 
superpower systems, we are apparently approaching the 
limit as to the size of individual power-generating units. 

As the possibilities of the future can be seen only in 
the light of past achievements, it may not be amiss to 
review briefly the growth and development of generat- 
ing stations and the principal types of apparatus of 
which they are composed. As a matter of fact, a 
review of the advance made in the apparatus used for 
power generation enables one to realize better the prob- 
lems involved and to appreciate more fully the elements 
that have contributed so largely to their development. 


( ye and change are natural and universal 


COMBUSTION AND FURNACE DESIGN 


Ever since the invention of the steam engine we have 
been burning coal under boilers. From the crude hand- 
fired grate of the early days we have passed through 
several stages of development to modern automatic 
stokers. Remarkable progress has been made. Modern 
stokers have more than doubled boiler evaporation per 
square foot of heating surface. More complete combus- 
tion, higher CO, and correspondingly higher boiler effi- 
ciencies are obtained. 

Stokers, however, are usually designed to give the 
best results with a certain grade of fuel. It was 
natural, in order to be independent of the kind of fuel, 
that a method of combustion was developed that would 
handle a variety of coals, and the solution apparently 
lay in the development of the use of pulverized fuel. 

Parallel to the development of burning pulverized 
fuel, the rapid improvement of the steam turbine and 
the possibility of concentrating more power generators 
into large power stations created the demand for in- 
creased steam quantities. The logical progress has 
been, therefore, toward higher boiler evaporation per 
Square foot of boiler heating surface, larger furnaces, 
larger boilers and also continuous operation over long 
periods in order to reduce the initial installation cost 
and fixed charges. 

The burning of pulverized fuel is rather a new devel- 
opment; its application in boiler furnaces is less than 


eight years old. This is too short a time in which to 
expect it to be fully perfected. At first, it was thought 
that large furnace volumes were an inherent necessity 
and that for every horsepower generated at least 14 to 
2 cu.ft. of combustion space was required, depending 
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upon the amount of volatile, moisture, ash, etc., of the 
coal; large volumes being thought necessary to allow 
sufficient time in the furnace for better mixing and 
more complete combustion of the hydrocarbons. Efforts 
were directed toward improving the furnace design by 
the application of better refractories, air cooling and, 
more recently, water cooling. 

The writer has always felt that a method would be 
found to burn pulverized fuei in less space. From ex- 
perience with stokers we know that where means for 
better mixing of air and flue gases are provided a 
higher rate of combustion per cubic foot of furnace 
volume is attained. 

This has led to the latest development in powdered 
coal burning, the so-called “‘well-furnace,” where a num- 
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ber of burners are arranged tangentially around a cir- 
cular furnace, causing the fuel and the air for combus- 
tion to revolve and mix thoroughly, thus enabling a 
greater amount of fuel to be burned in a smaller space. 
It is claimed that 1 cu.ft. furnace volume is sufficient to 
generate 20 boiler horsepower. 


WATER COOLING REDUCES MAINTENANCE 


Experience has shown that the smaller the furnace 
volume the more severe is the erosion of the furnace 
wall. On the other hand, installations of water-cooled 
walls have definitely demonstrated that the tubes in the 
furnace are excellent and desirable evaporating sur- 
faces. From this we may expect that furnaces for large 
boilers in the future will be designed with rather small 
volumes and as large surfaces as possible. Enough 
space will be provided to allow the hot gases after 
burning to expand before reaching the boiler tubes. At 
the same time a sufficient amount of cooling surface will 
be installed to absorb a considerable amount of heat 
from the gases by radiation. More thought has recently 
been given to the law of heat radiation than ever before. 
This is due to the fact that we have learned to recog- 
nize its importance in furnace design. With large 
boilers and correspondingly large furnaces, the mainte- 
nance of furnace walls becomes quite a problem. At- 
tempts have been made before to water-cool the furnace 
walls of water tube boilers, but no serious consideration 
was given to them until some of the boilers in the Hell 
Gate station of the United Electric Light & Power 
Company of New York were equipped with the so-called 
fin-walls. These consist of water tubes with thin strips 
welded to opposite sides which form a complete metallic 
wall on both sides of the furnace. They have conclu- 
sively proved that not only was the maintenance of the 
furnace decreased but the capacity of the boiler was 
appreciably increased. With the coal used in that sta- 
tion, the water-cooled walls did not have any effect on 
the combustion. The water-cooled side walls not only 
replaced practically all the brickwork in the side walls 
but afforded considerable protection to the front and 
rear walls by absorbing the heat which they reflect. 

The amount of cooling surface that can be installed 
without lowering the furnace temperature to a point 
where the combustion would be affected is dependent 
upon the kind of coal used, particularly upon the kind 
and quantity of volatile matter and of ash in the coal, 
also the amount of moisture, all of which are important 
factors in the ignition temperature and affect the in- 
flammability of the coal. The fusing temperature of 
the ash is also to be taken into consideration with re- 
spect to the slagging up of the tubes. With preheated 
air, the amount of cooled surface can be increased. 


Most IMPROVEMENT IN THE BOILER HOUSE 


It is now being recognized more than ever that in the 
boiler house, rather than the engine room, there is to be 
found by far the greatest scope for increased economy 
in power production. In an endeavor to promote greater 
efficiency in the generation of steam, a considerable 
amount of attention is now being paid to the more 
effective recovery of the waste heat in the flue gases. 
As higher pressures come into use, the temperature of 
the flue gases leaving the boiler becomes higher and the 
recovery of the heat in flue gases more important. 

The air preheater is bound to become a serious com- 
petitor of the economizer. The cast-iron economizer is 
at its limitation. The steel economizer is still subject to 
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corrosion internally and externally. The air pre-heater 
is a comparatively new device in American practice 
and little actual performance data are available aside 
from tests in two or three plants. These, however, have 
sufficiently shown that the air heater is going to stay, 
particularly where cooled furnace walls are used. It 
is interesting to note that with water-cooled walls the 
temperature in the furnace is not greatly increased 
when the air is preheated, even though the temperature 
of the entering air is as high as 400 deg. or more. As 
a considerable part of the energy of the burning fuel 
is absorbed as radiant heat and the proportion rises 
with great rapidity as the temperature increases, the 
furnace temperature will soon reach a condition of 
equilibrium not greatly in excess of that under similar 
conditions but without an air heater. 

With an air heater, the flue gases can be cooled down 
to a lower temperature than is usual with an econ- 
omizer. Aside from the higher efficiency, this has also 
the advantage that the cooler the waste gases the better 
it is for the draft fans, as lower temperatures and lower 
volumes have to be dealt with. 

It is generally conceded that the actual increase in 
efficiency by the installation of an air heater is more 
than the theoretical, due to the improved combustion, 
especially with low-grade coals. 

There can be no question that the air heater will be 
extensively used in large power plants, particularly 
after simple methods for utilizing the regenerative cycle 
have been found, so that it will be more advantageous 
to utilize the heat in the flue gases for heating the air 
of combustion rather than for heating the feed water. 


BoILeER TYPES 


The much debated question as to where lies the supe- 
riority between the semi-vertical and the horizontal 
water tube boiler will probably not be settled in the 
near future. As regards elasticity, the sectional hori- 
zontal water tube boiler has appreciable advantages. In 
comparison with other types, this boiler seems to retain 
a predominating position owing to its facility of clean- 
ing, possibility of standardizing, etc. It cannot be 
denied, however, that the sectional boiler in comparison 
with the vertical or semi-vertical type suffers from a 
serious defect; that is, the restrained circulation, as the 
area of the headers and the circulating tubes. between 
the headers and the drum is comparatively small. The 
question of water circulation is of particular importance 
in connection with higher pressures, not only for the 
safety of tubes but also because any temperature differ- 
ence due to insufficient circulation may cause excessive 
stresses in the headers and drums. 

The increasing pressures and ratings and the devel- 
opment of pulverized fuel-burning equipment, water- 
cooled walls and air preheaters will undoubtedly revo- 
lutionize the boiler design so that the question of semi- 
vertical or horizontal types will be of less importance. 
The steam-generating unit of the future will consist of 
a large furnace with the maximum possible amount of 
radiant heat-absorbing surface, particularly where coal 
with a low moisture and ash content is used. Most of 
the steam will be generated by this surface in the fur- 
nace and the gases will be cooled off in the furnace to 
a temperature at which no more heat can be absorbed 
by radiation than by convection. They will pass to a 
comparatively small boiler section, either of the bent 
tube type or of the straight tube sectional header type, 
where the remainder of the steam will be generated. 
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The gases will leave the boiler sufficiently hot to raise 
the temperature of the air for combustion to a temper- 
ature, I venture to say, as high as 600 to 800 deg. F. 
As the furnace will be completely cooled and the outside 
temperature of the water tubes constituting the walls 
will not be higher than that of steam-carrying pipe 
lines, they need not be better insulated than the latter. 
Provision must be made only for keeping the insulation 
air tight. This will simplify considerably the setting 
and reduce the price of brickwork, foundation, casing, 
etc. The writer feels that without exaggerating it can 
be said that the price of the setting will be reduced to 
one-third or one-fourth of the original cost. 

With coal of higher moisture and ash content a por- 
tion of the furnace surface will have to be covered with 
refractories to insure complete combustion of the gases 
near the walls. 

In order better to secure the insulating material to 
the tubes of the water-cooled walls the tubes will be 
designed with the top inclined inward toward the fur- 
nace. This also has the advantage that the side of the 
tube toward the furnace will always be covered with 
water, as the formed steam bubbles, having a tendency 
to rise, will move along the 
rear side of the tubes and will 
also tend to retard somewhat 
the too rapid circulation and 
maintain a _ steadier water 
level in the drum. 

This type of furnace with 
the increased area at the 
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bottom is particularly adapted for top feed of the fuel 
or with pulverized coal entering the furnace at the top. 
With the descending burning fuel, the temperature of 
the gases increases and they can then expand in the 
increased area. 

A circular furnace where the dead corners are elimi- 
nated and all tubes of the water-cooled walls can absorb 
an equal amount of heat would develop fully the merits 
of this arrangement. 


STEAM TEMPERATURE SHOULD BE CONSTANT 


Both manufacturers and operators recognize the im- 
portance of having steam enter a steam turbine at a 
constant temperature independent of the load variation. 
From an economical consideration it is advisable to 
eperate a turbine at all loads with the highest tempera- 
ture for which it is designed. Up to recent years the 
superheaters in water tube boilers were located prac- 
tically exclusively between the first and second gas 
passes, The superheat obtained in this location varied 
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with the rating of the boiler. In the endeavor to obtain 
constant temperatures, special temperature regulators 
were designed that would reduce the temperature of 
the steam at high rating when the superheat became 
excessive. With increased pressures and temperature 
in recent years the importance of constant temperature 
also increased. It became imperative to have the super- 
heater so designed that constant superheat would be 
obtained at all times independently of the operation 
of the boiler. 

A very desirable arrangement is a superheater so 
located between the boiler tubes that it absorbs heat 
by radiation and convection at the same time, or is so 
located with respect to the boiler tubes that the heat 
absorption by the boiler as well as by the superheater 
varies in the same manner. The result will be that per 
pound of steam generated by the boiler a constant 
amount of heat will be absorbed by the superheater, 
and the superheat will therefore be constant, independ- 
ently of the amount of steam generated by the boiler. 

The progress in steam turbine design of the last 
decade is phenomenal, yet a number of problems are 
still to be solved. The steadily increasing steam pres- 
sures are one of the 
problems with which 
the turbine designer 
is now confronted. 
Up to recently it was 





FIG. 2—VENTURI TYPE OF FEED 
WATER HEATER FOR MULTI- 
STAGE BLEEDING AND HEATING 


considered unavoidable that a turbine should work un- 
economically in the area of the high steam pressures. All 
efforts were, therefore, directed toward use of the low- 
pressure area to the best possible advantage by raising 
the vacuum to the utmost. 

In accordance with the Carnot cycle, the maximum 
efficiency is obtained when all the heat is absorbed at 
the highest temperature and all the heat is discharged 
at the lowest temperature. There has, therefore, always 
existed a tendency among engineers to increase the 
tmperature range of the steam—that is, to increase the 
temperature at which heat is absorbed and lower the 
temperature at which it is rejected. This has led to the 
recognition of well-defined limits, a maximum tempera- 
ture of 750 deg. F. defined by the materials at present 
available and a minimum condensate temperature of 
about 80 deg. F., corresponding to 29 in. of vacuum. 

The rejection of all heat at a lower temperature can 
be nearly approximated, as the temperature of the con- 
denser remains practically the same while the steam is 
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being condensed. It is, however, impossible to cause 
the steam to absorb all heat at the higher temperature. 
In the boiler, the water is first heated to the steam tem- 
perature and heat is absorbed at a gradually increasing 
temperature. If the steam is superheated, the process 
of superheating also takes place at rising temperatures, 
only the latent heat or the heat of evaporation is ab- 
sorbed at a constant temperature corresponding to the 
prevailing pressure. This heat is a larger part of the 
total heat transferred from the coal to the steam. It is, 
therefore, evident that the higher the pressure the 
higher is the temperature at which the bulk of heat is 
absorbed by the steam, the more nearly we approach 
the ideal condition of the Carnot cycle and the higher 
is the thermal efficiency of the process. 


POSSIBLE TURBINE DESIGN CHANGES 


The necessity for the high economical operation of a 
turbine compels the turbine manufacturer to find means 
to increase the efficiency of the higher-pressure stages 
in order to utilize the full advantage of the steadily in- 
creasing higher steam pressures. Two paths are open 
to them; one to design high-pressure turbines with very 
high speeds, small diameters and a small number of 
stages in order to reduce the friction area; the second, 
to design types with a considerable number of stages 
- but very low steam velocities, say about 20,000 ft. per 
minute or less. In either case, in order to make pos- 
sible the designing of the high-pressure area or a tur- 
bine with approximately the same high efficiency as that 
of low-pressure area, it will be necessary to make the 
high-pressure part independent of the other stages and 
develop it to a separate exclusively high-pressure tur- 
bine. 

An advance in the direction of increasing the thermo- 
dynamic value of heat in the steam without unduly in- 
creasing the maximum temperature can be made by in- 
creasing the mean temperatures of heat reception. One 
method of effecting this is the adoption of the so-called 
regenerative cycle or feed-water heating by using 
steam tapped off successive stages of the turbine. If 
a perfect regenerative process could be employed for 
heating the feed water, the efficiency of the cycle for 
saturated steam could be brought up to that of the 
Carnot cycle. In such a process the steam tapped off 
has been expanded doing work in the turbine down to 
the temperature at which it is required to heat the feed 
water. As a certain amount of heat is required for 
this purpose in any case, the work obtained from 
tapped-off steam is gained merely at the expense of 
additional heat equal to the work done, or, in other 
words, at 100 per cent efficiency. 


REGENERATIVE HEATING METHODS 


The practical objection to such a system of feed- 
water heating is the additional complication of pipe 
work, heaters, etc., involved if a sufficient number of 
stages are tapped to approximate the thermodynamic 
reversible process. We can confidently expect that 
simpler methods for application of the regenerative 
cycle will be found in the near future. 

One method that promises to supplant all others is 
heating the water with steam from many stages with 
the Venturi type heater. With this method neither sepa- 
rate pumps nor separate heaters are required. The 
water to be heated is raised to a pressure sufficiently 
higher than the boiler pressure as to take care of fric- 
tional losses in the device. This may be done by stand- 
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ard feed-water pumps, preferably of the centrifugal 
type. In the apparatus the area of the feed water is 
gradually reduced and then gradually increased to tha‘ 
of the original pipe size, similarly to the reduction and 
increase of area in a Venturi meter. As in the Venturi 
meter, the operation of the device depends upon the law 
of hydraulics—that is, the sum of static head, pressure 
head and velocity head at any point in the pipe line is 
equal to the sum at any other point, disregarding losses. 
The section must be sufficiently reduced so that the 
pressure of the water is lower than the pressure of the 
lower stage of the turbine from which steam is to be 
bled. The steam.from this stage is introduced at this 
point and heats the feed water to the temperature 
corresponding to that pressure. At a point farther 
along the gradually increasing section, where the pres- 
sure, although higher than at the first point, is lower 
than the steam pressure of the next higher stage of the 
turbine from which steam is to be bled, this steam is 
introduced, raising the temperature of the water to 
the temperature corresponding to the higher pressures. 
A section through this type of heater is shown in Fig. 2. 

A second method of increasing the mean temperature 
of heat reception is reheating or adding further heat 
to the steam after it has passed a few stages and its 
temperature is reduced. The newest investigations 
have shown that the advantage of reheating is much 
greater than theoretically can be expected. Any mois- 
ture in steam passing through a turbine considerably 
increases the surface friction and with high velocity 
erodes the leading edges of the blades, both of which 
contribute to reduce the blade efficiency. This is one 
of the main reasons it is desirable to increase the tem- 
perature of the steam with increased pressure in order 
that there might not be too much condensation in the 
lower stages of the turbine. 


REHEATING OF STEAM 


Steam temperatures are, however, limited by the re- 
duction and strength of metal at the higher tempera- 
tures. If dry steam is desired throughout the range of 
expansion in the turbine, it is necessary to resort to 
reheating or increasing the temperature of the steam 
after it has passed through a part of the turbine. Some 
of the large power plants operating with high pressures 
have already resorted to reheating, which is accom- 
plished with special secondary superheaters installed 
in the boiler setting and receiving their heat from the 
boiler flue gases. In this case the steam has to be 
carried from the turbine back to the boiler house and 
again to the turbine. This involves considerable com- 
plication and rather large pipe lines, particularly when 
we take into consideration the comparatively low pres- 
sure of steam to be reheated. In order to make reheat- 
ing worth while, it will be necessary to find means to 
reheat the steam at or near the turbine. This can be 
accomplished, for instance, in a separately fired super- 
heater. 

There is, however, a much simpler method which we 
expect will be used in the future in preference to all 
others. The partly expanded steam coming from the 
turbine will be reheated by the live steam from the 
boiler. This is particularly advantageous for very high 
pressures. Naturally, the steam cannot be reheated to 
the initial temperature of the live steam, but this 
method has many other advantages that make it more 
desirable than others. 

It is not necessary to return the steam to the boiler 
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room, as the reheater can be located right at the tur- 
bine. The apparatus for reheating requires a compara- 
tively small amount of heating surface, as the heat ab- 
sorbed is the latent heat from the steam. This heat 
is easily given up and heat transmission coefficient is 
high. The amount of live steam required is low, as all 
the latent heat of the steam can be utilized. 

The most important advantage is the possibility of 
regulation. Although some superheater designs now on 
the market give fairly constant temperatures at differ- 
ent ratings, the superheat is likely to vary due to the 
fluctuations in the furnace. The temperature drop of 
the steam in the turbine usually varies, depending upon 
the load, etc. If the steam is then sent back to the 
superheater installed in the boiler setting at a distance 
from the furnace, we have a third variation, so that the 
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FIG. 3—-STEAM REHEATED TO ORIGINAL TEMPERATURE 
OF 700 DEG. F. AFTER EXPANSION TO 130 LB. 


total fluctuations of the temperature of the reheated 
steam may become very serious. If the reheating is 
accomplished with live steam, the regulation is greatly 
facilitated, as all that is necessary is to regulate one 
valve admitting the live steam to the reheater. Such a 
reheater, now being installed, is shown in Fig. 1. 

Although the theoretical gain obtained by the use of 
a live steam reheater is slightly less than that which 
could be obtained by a reheater in the boiler setting, 
the practical gain is almost equivalent. This is due to 
the fact that the main advantage of reheating lies not 
in an increase in the thermal efficiency but in the elim- 
ination of moisture in the steam while passing through 
the turbines or in the increase of the superheated area 
of expansion. Figs. 3 and 4 indicate clearly that this 
superheated area of expansion is practically the same in 
both cases. 

Fig. 3 shows the temperature-entropy diagram for 
steam reheated back to the original total temperature 
of 700 deg. F. after it has been expanded to 130 Ib. 
pressure. The diagram of Fig. 4 shows the steam re- 
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heated in a live steam reheater to a temperature 50 
deg. F. higher than the temperature of dry saturated 
steam at the original pressure of 600 lb. In both fig- 
ures the part of the expansion lines feathered to the 
right indicate the ‘“‘superheat area,” and that portion 
feathered to the left is the “moist area.” 

Nothing in the history of human achievements has 
developed as rapidly as the science of electrical engineer- 
ing. Its future development lies beyond the limits of 
our imagination. The improvements in steam power 
generation have so far contributed to a considerable 
degree to these achievements. As remarkable as are 


the above-mentioned improvements in power plant de- 
sign, all future developments can hardly be predicted 
in the face of present possibilities. 

The consideration of the various cycles has created a 














FIG. 4—STEAM REHEATED TO TEMPERATURE 50 DEG. HIGHER 
THAN TEMPERATURE OF DRY SATURATED sTEAM 


great interest in thermodynamic studies hitherto con- 
sidered only theoretical. It involves also the study of 
steam, of boilers, turbines and of other equipment 
associated with steam production, as the theoretical 
thermal possibilities must be considered in conjunction 
with the mechanical efficiencies. 

It is gratifying to note that all this is focused on one 
point—that is, the economical generation of power and 
electrical energy. It will also undoubtedly lead to fur- 
ther developments. The low-temperature distillation of 
coal, the use of a liquid with a high boiling point for 
reheating in connection with the steam turbine, the 
mercury vapor cycle or other binary fluid cycle, the com- 
bination of power-generating and central-heating sta- 
tions are some of the future possibilities for more 
economical operation. The better utilization of the 
kinetic energy of the exhaust steam is another subject 
worth consideration, and in the not too distant future 
we may find the utilization of the molecular energy of 
some substances for power generation to be in the 
realm of reality rather than of dreams. 
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Brooklyn Edison Station Maintains Daily Operating Efficiencies Within 2 per Cent of 
Test Efficiencies — Great Improvement Over Hand Control — Details of System and 
Operating Methods 


Combustion Control 
at the Hudson Avenue Station 


By W. C. HOLMES 
Steam Field Engineer Brooklyn Edison Company 


HEN the Hudson Avenue station of the Brook- 

W lyn Edison Company was being laid out there 
were a number of combustion control systems 

in the process of development, but none of them seemed 
well enough developed or complete enough to satisfy 


the engineers responsible for the station. Accordingly, 
provision was made for the later installation of com- 


combustion control were within approximately 1 per 
cent of the efficiencies that had been attained with 
the most careful supervision under test conditions but 
with manual control. This was considered ample proof 
that a combustion control system was workable and 
well enough developed for installation at the Hudson 
Avenue station. Therefore, about a year ago a similar 





FIG. 1—COMBUSTION CONTROL PANEL 


Master controller mercury column indicators are in 
center below statiqn load indicators. 


FIG. 2—OIL AND AIR PUMPS FOR CONTROL SYSTEM 


Air operates the boiler regulators and oil the 
damper relay cylinders. 





plete combustion control, and it was decided to make 
an experimental installation at the older 66th Street 
station of the company. 

The operating department had already developed and 
installed in this station a very satisfactory blower 
regulator, which received its impulse from the steam 
pressure and held the latter constant to within less 
than 2 lb. regardless of load. Regulators for controlling 


the stoker speed, the wind-box dampers and the 
breeching dampers were installed on eight 760-hp. 
boilers. A master controller for these regulators was 


also installed. The master was tied in with the blower 
regulators, thus constituting complete combustion con- 
trol. This system was considered comparable to the 
best that could be obtained at the time. 

Tests were then made on a boiler operated by the 
regular station personnel, and during the test it 
received no more attention than it would be given in 
ordinary operation except that it was controlled by the 
automatic regulators. The results showed that the 
efficiencies obtainable with ordinary supervision and 


combustion control system was purchased for the twelve 
boilers at this station. 

The twelve stoker-fired boilers in this station are 
each rated 1,965 hp. Eight of them were laid out to 
constitute a group that coulkl be operated entirely 
independently of the remaining four, which would have 
been half of the second group. However, during the 
installation of the control system it was decided to in- 
crease the steam pressure on all future boilers to 400 
lb.; accordingly all of the present boilers are operated 
as one group. 

The stokers and the forced draft fans are driven by 
variable speed direct-current motors. Power for these 
motors is supplied by motor-generator sets located 
in the switch house about 200 ft. away. There are 
three motor-generator sets for the twelve boilers, one 
of which is a spare. Each set consists of a synchronous 
motor driving a 1,000-kw. generator for the fans, a 
200-kw. generator for the stoker motors and a 100-kw. 
generator for the clinker grinder motors and excitation. 
The stoker and fan motor-generators operate on the 
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Ward Leonard system—that is, the field strength of 
these generators is controlled to give the voltage at the 
motor terminals necessary to the speed required of 
the motors. 

There are seven forced draft fans now installed, all 
blowing into a header duct. Three branch ducts lead 
off this header, each branch duct feeding four stokers. 
Dampers are installed in the connection between the 
branch air ducts and the stokers. These are mounted 
on roller bearings to insure satisfactory operation on 
the combustion control system. The breeching dampers 
are also carried on roller bearings for the same reason. 

At each boiler there is a panel on which are mounted 
steam gages and boiler meters with steam flow, air 
flow, flue gas temperature, stoker speed and steam tem- 
perature pens. On these panels also are the drum con- 
trollers for the clinker grinder motors and the stoker 
motors. 


REQUIREMENTS FOR A COMBUSTION CONTROL SYSTEM 


Before describing the combustion control apparatus, 
an outline of the requirements of a successful control 
system that were deemed necessary should be consid- 
ered. There are three essential requirements: First, 
steam pressure must be maintained approximately con- 
stant at all loads; second, the elements of combustion 
must be so regulated that the best possible efficiency 
will be obtained; third, the apparatus must be so 
designed that any regulator or all of them can be 
quickly thrown from automatic to hand control in case 
of failure. In order to meet the first two of these 
requirements the following functions must be reliably 
performed: 

(a) The supply of coal to each stoker must be regu- 
lated to meet the demands for steam. 

(b) The volume of air to each stoker must be regu- 
lated to burn this coal with any predetermined percent- 
age of CO,,. 

(c) The speed of the forced draft fans must be con- 
trolled to maintain the correct air pressure. 

(d) A slight negative pressure must be maintained 
in each furnace at all ratings. 


FIG. 
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FIG. 3—-SCHEMATIC DIAGRAM OF A MASTER CONTROLLER AND 
REGULATORS FOR ONE BOILER OF HUDSON AVENUE STATION 


(e) All of the foregoing regulators and controls 
must be correlated to equalize the load on the boilers. 


HOW THE SYSTEM AS INSTALLED’ MEETS THESE 
REQUIREMENTS 


The equipment consists of two types of controllers: 
First, individual regulators for the dampers and the 
rheostats of the stoker and blower generators; second, 
a master controller to correlate the individual regu- 
lators. There are two masters, one being a spare. 

The master controllers receive their activating 
impulse from the boiler steam pressure acting on a 
diaphragm, which is balanced against a coil spring. A 
slight variation in the boiler pressure changes the 





4—-FAN AND STOKER REGULATORS FOR TWELVE BOILERS 
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position of the diaphragm and through a lever moves 
a small leak-off valve. The chamber on which this 
valve is fitted is supplied with compressed air at about 
15 lb. This chamber is connected by pipes to each of 
the individual damper and _ rheostat' regulators. 
Accordingly, a drop in steam pressure, which of course 
means an increased demand on the boilers, causes an 
increase in the air pressure at the master, of which a 
proportional increase is transmitted to the individual 
regulators. Similarly, a decrease in load causes a rise 
in steam pressure and a drop in the air pressure trans- 
mitted to the individual regulators. On the front of 
the master controller are a number of mercury columns 
showing the air pressure being transmitted to each of 
the individual regulators. These are mounted on the 





FIG. 5—-BREECHING DAMPER AND LEVERS TO OIL CYLINDER 


front of the boiler control panel in the boiler control 
room immediately below the station load indicators. 
(Fig. 1.) The other parts of the master controllers, 
consisting of spring diaphragms, etc., are located in the 
rear of the panel. The third master controller shown 
on the board was originally intended as a supermaster 
for the whole station, the two others being group 
masters to control eight boilers each. The supermaster 
was to be connected so that it could control all boilers 
or could be thrown out of service and each group oper- 
ated as an entirely independent station on its own 
master. Due to the decision to increase the steam 
pressure on the twenty boilers to be installed in the 
future, all of the present boilers are operated as one 
group. The supermaster has therefore not been put 
into service. 

The air for transmitting impulses from the masters 
to the individual regulators and oil at 70 lb. for oper- 
ating the damper relay cylinders are supplied by two 
small sets, each consisting of pump, compressor and 
motor located in the basement. One of these sets fur- 
nishes enough oil and air for the whole station, the 
other being a spare. (Fig. 2.) 
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The master controller and the individual regulators 
of one boiler are shown diagramatically in Fig. 3. 
The adjusting screws shown in the master air cham- 
ber are for properly proportioning the air pressures 
transmitted to the individual regulators. By means 
of these screws the proportion of fuel to air fed to all 
boilers can be changed at will. Thus it is possible to 
maintain fixed any percentage of CO, desired, limited 
only by the infiltration of air into the furnace and the 
fuel being burned. 


. AIR PRESSURE ACTUATES REGULATORS 


The individual regulators are all of the same general! 
type, consisting of a diaphragm loaded by the air pres- 
sure transmitted from the master regulator, the load- 
ing being balanced by a force that bears a definite 
relation to the load on the boilers for the function the 
regulator is to perform. Thus when there is a drop 
in steam pressure, the stoker speed regulator receives 
a higher air pressure from the master. This, acting 
on the diaphragm and destroying the balance, moves an 
electrical contact and closes a circuit for an instant. 
This electrical circuit contains the rheostat motor of 
the stoker generator and as a result some of the field 
resistance is cut out and a higher voltage is impressed 
on the stoker motors, increasing the coal fed to the 
stokers. A small motor mounted on the stoker regu- 
lator is connected in parallel with the stoker motors 
and receives the same potential as the stoker motors 
and therefore the speed of this motor is proportional 
to the stoker speed. This motor drives a centrifugal 
type governor, which is balanced against the diaphragm 
loaded with air pressure from the master. Thus any 
change in air pressure loading from the master is 
immediately answered by a corresponding change in 
the voltage impressed on the stoker motors. The 
change in stoker speed that follows is simultaneous 
with a change in the force generated by the centrif- 
ugal governor, and the two forces are balanced again. 
A dashpot insures a sufficient interval between suc- 
cessive closing of the contacts to allow the motors to 
respond to the change in voltage and thus insures 
stability. 

The fan pressure regulator is similar to the stoker 
regulator in that it operates a set of contacts in the 
blower generator rheostat motor circuit exactly as does 
the sstoker regulator. In this regulator, however, the 
force exerted by the air pressure from the master 
working on one diaphragm is balanced by the blower 
air duct pressure against the second diaphragm. 

A drop in steam pressure is followed immediately 
by an increase in the air pressure from the master 
acting on the master diaphragm of the blower regulator. 
This upsets the balance, and as the diaphragm moves, 
an electrical circuit is made through the motor, which 
operates the rheostat of the generator supplying power 
to the blowers. This increases the voltage impressed 
on the blower motors and they speed up. A compen- 
sating device breaks the circuit shortly after it is 
made, to give the motors sufficient time to. accelerate. 
This process is repeated until the pressure in the air 
duct becomes great enough to bring the regulator back 
to equilibrium. Conversely, a rise in steam pressure 
causes a drop in the air pressure from the master. 
The air duct pressure overbalances the pressure from 
the master and the blowers slow down until equilibrium 
is established again. Fig. 4 shows the fan regulators 
and stoker regulators for the twelve boilers. 
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The regulators that control the quantity of air fed 
to each stoker contain two‘diaphragms. One is piped 
up to the master regulator and operates just as do 
those on the stoker and fan regulators. The second 
diaphragm is piped on one side to the furnace at the 
bottom of the first pass and on the other side to the 
top of the last pass. The force that this diaphragm 
exerts is therefore proportional to the pressure drop 
through the boiler. These two diaphragms are con- 
nected by levers and oppose each other. The damper 
controlling the air to the stoker is moved by these two 
opposing forces until a balance is obtained. As the 
dampers operated by these regulators are 13 ft. long 
and 4 ft. wide, an oil-operated relay cylinder is em- 
ployed to move them. Therefore the regulator has only 
to move a small pilot valve. One of these regulators 
is installed at each boiler. Fig, 6 shows the air volume 


FIG. 6—AIR VOLUME AND BACK DAMPER 


and back damper regulators and Fig. 7 the relay cylin- 
der at the damper. 

A drop in steam pressure is immediately followed 
by increased pressure loading on the diaphragm piped 
up from the master. This upsets the equilibrium, and 
the resulting motion opens a pilot valve admitting oil 
to the relay cylinder. This increases the damper open- 
ing and the damper in moving closes the pilot valve. 
The increased air fed to the stoker increases the rate 
of combustion and tends to raise the steam pressure. 
The pressure drop through the boiler also goes 
up, because this bears a definite relation to the 
boiler rating. Thus the damper is opened step by step 
until equilibrium is established again, which is when 
the differential pressure acting on its diaphragm bal- 
ances the air pressure from the master acting on the 
other diaphragm. 

As has been previously stated, the air pressure trans- 
mitted from the master to the individual regulators 
bears a definite relation to the load on the boilers. 
Actually this pressure is proportional to the square of 
the boiler rating. The draft drop through the boiler 
is also proportional to the square of the rating, pro- 
vided the percentage of excess air remains constant. 
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As these two pressures are balanced against each 
other in the air volume regulator, an increase in excess 
air will increase the drop through the boiler and throw 
the regulator out of equilibrium. This closes the air 
volume damper until the draft drop through the boiler 
returns to the proper value for the rating of the 
boilers, when balance is established again. Thus the 
air volume regulator operates to maintain a constant 
percentage of CO, at all ratings. 


BREECHING DAMPER REGULATORS 


The breeching damper regulators are of the same 
design as the air volume regulators, but are so piped 
that the force due to the pressure over the fire acting 
on one diaphragm is balanced against the force due to 
the air pressure from the master on the second. These 
two forces so regulate the damper that the opening 





FIG. 7—-RELAY CYLINDER FOR DAMPER REGULATOR 


increases with the load and a slight negative pressure 
is always carried over the fire. As in the case of the 
air dampers, an oil relay cylinder is interposed between 
the regulator and the breeching dampers. Fig. 5 shows 
a breeching damper and levers to the oil cylinder. The 
cylinder itself is partly hidden by the large steam pipe. 

Thus, considering the system as a whole, an increased 
load on the plant causes a slight drop in the steam 
pressure. This drop in steam pressure reacts on the 
master and gives a corresponding increase in the air 
pressure loading, and a proportional air pressure load- 
ing is transmitted through pipes to the counterpoise 
elements of all the regulators in the plant. The regu- 
lators in turn give increased air volume through each 
boiler, increased voltage at the fan generator and the 
stoker generator, and also an increased draft in the 
furnace. 

In making these changes on the different regulators 
a fixed ratio is maintained, so that the relative quan- 
tities of fuel and air supplied to each boiler remain 
constant at the value for which the regulators have 
been set. 

After a short interval the increased input of fuel 
and air to the stokers will restore the steam pressure 
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to its normal value, and a perfect balance between 
heat input to the boilers and steam output is main- 
tained until another change in load occurs. 

The master maintains the same steam pressure at 
all loads and is stabilized through allowing a momen- 
tary drop in pressure for increasing loads and a 
momentary rise in pressure for decreasing loads, thus 
utilizing the heat stored in the fuel bed as a balancing 
flywheel. 

Fig. 8 shows a typical steam pressure chart. Each 
“‘wave” in the line represents a change in conditions 
which the control system made adjustments to meet. 
The variations in pressure are approximately 14 lb. 
above and below normal. Fig. 9 shows a typical chart 
from a Bailey meter on one of the boilers. This chart 
shows very well why better efficiencies can be obtained 
by automatic than by hand control. The air flow fol- 
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a whistle to attract the attention of the boiler room 
men and notifies them that all boilers are on manual 
control. The stoker attendants then control the stoker 
motors and the breeching dampers, and open wide the 
air volume dampers with the hand controls provided 
at each boiler. The control room operator takes charge 
of the fans and regulates their speed to maintain steam 
pressure constant. He is enabled to do this by means 
of manually operated remote controls of the fields of the 
generators supplying power to the fans. He also has 
manually operated remote control of the field rheostat 
of each fan motor. This allows a further speed regu- 
lation of about 10 per cent and permits equalizing the 
load on the fans. He is guided in so doing by the 
ammeters in the armature circuits of the fan motors. 
Mounted on the control board also are master steam 
pressure gages, indicating and recording air duct pres- 





FIG. 8—-STEAM PRESSURE CHART SHOWING UNIFORMITY 
OF CONTROL SYSTEM 


lows the steam flow line very closely and the stoker 
speed is frequently adjusted, in small steps. The 
automatic control is on the job all the time and feeds 
the elements of combustion to the stokers in the proper 
ratio and proper amounts, checking up on the amounts 
every time there is a change in steam pressure. 
This is obviously much more than can be expected 
of a stoker attendant. In addition, it leaves the stoker 
attendant with more time to watch the fuel bed and 
the ashpit. It relieves him of much of the manual 
work and encourages more headwork. 


EMERGENCY CONTROL ARRANGEMENT 


As continuity of service is of the utmost importance, 
great care was taken to prevent loss of steam pres- 
sure in case of failure of any part of the combustion 
control system. Throw-overs are provided by which 
any one or all of the functions performed by the con- 
trol system can be put on hand control immediately. 
If one master fails, it can be disengaged by a small 
lever at the front of the master gage panel and the 
spare master can be thrown in, or, if conditions war- 
rant, the whole control system can be thrown off. If 
this should occur, the boiler control room operator, 
who has been trained to meet such an emergency, blows 


FIG. 9—BOILER METER CHART SHOWING STEAM FLOW, 
AIR FLOW AND STOKER SPEED 


sure gages and a stoker speed indicator. These instru- 
ments and the pull-button control switches can be seen 
in Fig. 1 grouped around the masters. The bottom 
row of pull buttons is manual control for the stoker 
generators. When on hand control the operator brings 
up the stoker generator to full voltage and the stoker 
attendants reduce the speed of stoker motors as neces- 
sary with the drum controllers provided at each boiler. 
In the event of failure, any of the individual or sec- 
ondary regulators can be quickly disengaged and the 
manual controls used. 

To date the combustion control system has performed 
very creditably. The regulators are all rugged and 
have ample power to do the work required of them. 
The whole system has proved reliable. The principles 
on which the regulators work are simple, old and well 
known. 

That automatic combustion control is a great im- 
provement over hand control is unquestionable. The 
only criterion we have of the efficiency of boiler oper- 
ation is comparison with results obtained on test under 
the most careful supervision we know how to give a 
stoker and boiler. At Hudson Avenue we are now 
maintaining, day by day, boiler efficiencies within less 
than 2 per cent of the best test efficiencies. 
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Analysis of Costs and of Thermal Performances for 136 American Coal-Burning Stations 
—Typical Diesel, Oil-Burning and Gas-Burning Plant Performances—Conclusions to Be 
Made Highly Complimentary to American Engineers 


Operating Performance 
of Steam-Generating Stations 


By VERN E. ALDEN 


Consolidated Gas, Electric Light & Power Company, Baltimore, Md. 


HERE have been many 
papers presented before 
engineering societies and 

an abundance of material in 
the technica] press in recent 
years dealing with the design 
of steam-generating stations. 
We have ample opportunity in 
the descriptive articles to size 
up the physical characteristics 
of the new stations that are 
being built, and those of us 
who are interested primarily 
in steam station design and 
operation are able to learn 
first hand from our friends as- 
sociated with other companies 
the reasons that lead to many 
decisions entering into the de- 





‘THE DATA obtained from Ameri- 
can plants in response to the request 
of the Electrical World represent a 
cross-section of performance which 
should be very valuable to all in- 
terested in the economics of power 
production. Vern E. Alden, assistant 
to the general superintendent of the 
Consolidated Gas, Electric Light & 
Power Company of Baltimore, con- 
sented to comment on the charts and 
tabulated data and to make an analy- 
sis of the results compiled. He is 
chairman of the power generation 
committee of the A. I. E. E. and a 
close student of station design and 
performance, and this analysis should 
help greatly in a study of the data. 


cent of the total output of all 
of the steam-generating sta- 
tions in the United States. 
The investment in all the sta- 
tions reported upon probably 
totals in excess of $500,000,000. 
The different stations reported 
upon range in capacity from 
187,500 kw. down to 225 kw. 
It is of interest to note that 
the annual yearly output 
ranges from 816,800,000 
kw.-hr. in connection with one 
of the large stations, down to 
290,000 kw.-hr. in connection 
with one of the small stations. 
The performance ranges all 
the way from 16,326 B.t.u. per 
kilowatt-hour up to 140,000 





sign of the newer stations. 

Few opportunities, however, 
present themselves for learn- 
ing of the actual operating 
results that are being obtained in different steam-gener- 
ating stations. We are in somewhat the same situation 
as a group of medical students attending a clinic, listen- 
ing to the diagnoses, watching older and more experienced 
surgeons perform the operations upon the patients, but 
never being fortunate enough to know whether the 
different patients lived or died. 

The real standards by which to judge the design of 
any particular power station are: 

1. Fuel cost. 

2. Cost of operating labor and superintendence. 

3. Cost of maintenance. 

4. Fixed charges on the investment. 

The ELECTRICAL WORLD has performed a real worth- 
while service for all of us by gathering together data 
covering the operating performance of 136 coal-burning 
generating stations, these records in most cases cover- 
ing the calendar year 1924. The data submitted here- 
with give all of the information that is necessary to 
analyze operating costs made up of items 1, 2 and 38, 
referred to above. It would be of very real interest 
if we could also have the yearly fixed charges in con- 
nection with these different stations, but these figures 
are not available. 

The capacity of the 136 coal-burning stations on 
Which data were compiled totals 4,742,657 kw., and the 
total output of these stations for the year reaches a 
total of 12,657,068,000 kw.-hr. It is to be noted that 
the output of these stations is approximately 36 per 





B.t.u. per kilowatt-hour. It is 
doubtful if any better cross- 
section showing the operating 
practice in connection with 
steam-generating stations in this country has ever been 
prepared. 

A casual inspection of these data tends to show only 
the points of difference in connection with the operat- 
ing results being obtained in the different stations. It 
is only when one makes a detailed analysis of figures 
included in this operating record that their value 
appears. We have attempted to analyze these figures 
and to find out if they have any real meaning, and the 
results of this work are presented herewith. 


THe EpiTors 


EFFECT OF LOAD FACTOR ON STATION PERFORMANCE 


We wished to form an opinion as to whether annual 
load factor bore any consistent relation to station 
performance. Charts A, D and C on page 634 show 
the performance of the different stations (B.t.u. per 
kilowatt-hour) plotted against annual load factor, as 
abscissa. As to be expected, there is a very wide 
spread in the performance figures for the different 
stations. We found this to be true in all the different 
analyses that we made. It is to be noted that for pur- 
pose of analysis the stations have been divided into 
three different groups: those having a capacity of 
50,000 kw., or higher, those having capacities ranging 
between 15,000 kw. and 50,000 kw., and those having 
a capacity of less than 15,090 kw. Weighted aver- 
age lines drawn in on Charts A and D on page 634 
show a distinct trend toward better performance in 


(See page 638 for continuation) 
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See pages 638 and 639 for footnotes. 





Twelve- Annual Annual | Annual | Av. Price 
Num- Section of Month Installed Plant Net Annual Peak Fuel Con- | Load Average | Average Cost of of Fuel | Poyng 
ber Country in Period Generator Use Output, Load, sumption | Factor, B.t.u. Ash, Coal per | Deliv- | of Ful 
of Which Plant for Which Rating, Kw. Factor, Kw.-Hr. Kw. (Short |Per Cent} per Pound | Per Cent | Million | ered per| per Ne 
Plant Is Located Data Apply (Bet ween) Per Cent (Approx.) Tons) (f’) of Coal B.t.u. [Net Ton! Kw-H, 
(nding) (e’) ie 
“ a casniemaiad eat 1 } 
| al 
I East 12/31/24 180,000-200,000 44.0 662,300,000 178,000 510,795 42.0 | 13,893 9.66 $0. 206 $5.72 1.54 
2 Central .| 12/31/24 180,000-—2090,000 45.1 740,600,000 176,800 684,058 47.8 10,347 14.50 . 196 4.05 1.85 
3 East 12/31/24 130,000-200,000 31.8 518,900,000 162,500 405,148 36.5 14,556 7.20 181 5.25 1.34 
4 Fast 12/31/24 180,000-200,000 40.0 640,750,000 163,000 419,077 45.0 14,161 6.53 184 5.20 131 
5 Central ae 5/31/25 180,000—200,000 42.8 674,900,000 161,500 508,445 47.7 13,198 7.60 150 3.96 1.51 
6 East 12/31/24 130,000-180,000 23.9 346,750,000 | 131,000 273,388 30. 2a 13,867 7.60 .171 4.77 | 1.57 
7 Central 5/31/25b | 130,000-180,000 50.6 127,150,000 93,200 101,503 64.0 10,332 14.50 . 190 3.92 1.60 
8 Central 5/31/25e | 130,000-180,000 33.0 179,250,000 99,700 108,551 49.6 13,824 6.60 141 3.9] 1.2) 
9 East 12/31/24 130,000-180,000d} 62.0 816,800,000 156,000 575,467 59.6 13,090 9.50 ~ 105 3.02 1.4) 
10 Central. 4/30/25 109,000-130,000¢} 38.0 432,600,000 112,000 275,975 44.1 12,796 10.00 186 4.76 1.28 
it Central. 5/31/25 100,000— 130,000 30.1 323,950,600 94,200 307,818 39.3 13,198 8.70 150 3.96 1.90 
12 Fast 12/31/24 100,000—130,000 ara 282,300,000 77,000 {| 249,411 41.8 14,75 6.00 171 5.04 177 
13 Central 4/30/25 109,000- 130,000 46.79 363,900,000 94,000 291,352 44.2 10,844 12.20 145 3.15 1.60 
14 Central’ 12/31/24 100,000-130,000 40.1 403,700,000 110,000 294,841h 41.9 12,85 9.50 138 3.4% Tote 
15 East 12/31/24 70,000—100,000 18.4 153,000,000 92,000 163,418 19. 0a 12,640 11.00 <6. | #4 2.14 
16 East 12/31/24 70,000—100,000 5.3 121,500,000 48,800 99,032 29.0 14,500 6.00 .224 6.49 1.63 
17 Central .| 12/31/24 70,000—100,000 38.8 306,000,000 68,500 283,566 51.0 10,000 16.10 207 4.14 1.85 
18 Central. 12/31/24 70,000-100,000 33.9 249,500,000 72,000 209,377 39.5 12,577 12.01 . 136 3.42 1.68 
19 Central 12/31/24 70,000-100,000 28.0 206,800,000 50,400 282,688 46.0 9,519 15.48 . 153 2.9] 2.48 
20 South 12/31/24 70,000—100,000 32.7 200,600,000 78,500 198,031 29. 1a 13,100 12.80 ot 37 3.61 1.99 
21 East ccs 12/31/24 50,000- 70,000 26.0 157,400,000 52,000 140,782 34.5 14,000 gb 178 =| 4.99 7) 
22 South. .... ; 12/31/24 50,000— 70,000 30.8 182,300,000 48,700 176,364 41.7 11,592 13.82 . 140 3.25 1.93 
23 Central. ‘ 12/31/24 59,000- 70,000 29.8 175,100,000 46,000 225,518 43.4 12,975 10.41 157 4.07 | 29% 
24 East 12/31/24 50,000— 70,000 11.9 6,750,000 32,800 134,301 22.81 13,500 10.00 1335 | 4.68 2.37 
25 Ne eee 12/31/24 50,000— 70,0C0 v9 16,350,000 46,000 14,650 4.la 14,300 6.00 . 160 4.58 1.70 
26 Centfal. en 12/31/24 50,000- 70,000 56.0 294,200,000 59,000 296,445 56.9 12,257 12.17 . 130 2.98 | 2.02 
27 ere 12/31/24 50,000— 70,000 | 17.9 89,250,000 28,900 84,482 S32 13,894 7.59 200 6.52 1.88 
28 East en 12/31/24 50,000— 70,000 12.4 60,000,000 32,690 65,399 21.0a 14,300 7.10 ‘aae 6.38 2.0! 
29 South - 12/31/24 50,000— 70,0C0 31.8 148,000,000 50,500 180,000 33.4 12,498 . 101 | 2.98 ] 
30 Centrel. 5/31/25 | 50,C00- 70,000 51.7 226,550,000 58,700 168,537 44.1 12,687 11.50 167 | 4.26 | 
31 Central. 12/31/24 | 50,000- 70,000 35.2 154,850,000 35,200 192,612 49.9 10,905 . 1238 2.70 
32 Centr: 1 12/31/24 50,000— 70,000 38.0 166,690,000 42,000 143,808 45.3 10,869 11.30 .210 | 4.56 17 
33 Central csul 82/34/24 35,000-— 50,060 41.8 176,800,000 43,000 211,037 46.9 12,600 11.00 .1142 2.88 2.39 
34 Kast 12/31/24 35,000— 5,000 35.4 135,150,000 37,800 124,020 40.8 13,850 8. 80 . 1355 3.74 | 1.84 
35 South. 12/31/24 35,0u0— 59,000 26.6 99,000,000 24,200 93,071 47.0 14,500 7.00 170 4.93 | 1.73 
36 Central... 12/31/24 35,000- 50,v00 34.3 127,300,000 53,500..| 193,180 28.0 11,000 13.00 .113 2.49 | 3,03 
37 Central. eee 12/31/24 35,000— 50,000 34.2 108,700,000 34,000 138,770 34. 8a 10,651 16.70 . 1535 3.27 | 2.55 
38 East. . a 12/31/24 35,000— 50,000 23.4 81,950,000 21,000 69,544 44.6 13,765 Pais 203 5.56 | UR 
39 East. . - 12/31/24 35,600— 50,000 29.2 102,100,000 40,0u0 80,187 29.2 13,914 7.00 . 241 6:71 |) 29) 
40 East... 12/31/24 35,000— 50,000 23.1 77,200,000 19,500 98,914 45.1 2ee Fb wea. <1@32 | 2.21 2.56 
41 East és 12/31/24 35,00U-— 50,000 14.9 47,100,000 30,700 49,467 17.5m 14,083 7.00 . 2385 6.71 | 2.10 
42 Central. 12/31/24 35,000- 50,000 22.8 99,850,000n 23,200 97,794 49.1 10,438 13.20 . 1523 3.18 2.76 
43 Central. 12/31/24 35,000-— 50,000 18.0 55,250,000 16,400 89,872 38.5 11,v00 15.00 .1676 | 3.69 2.50 
44 Central 12/31/24 25,000- 35,000 6.9 20,650,000 15,000 96,249 15.7 10,750 . 1276 2.77 4.17 
45 East 12/31/24 25,000— 35,000 17.1 48,800,000 25,200 46,179 22.1 13,797 8.09 . 2088 5.76 1.89 
46 East 4/30/25 25,000— 35,000 21.9 59,700,0u0 20,000 88,852 34.1 12,000 . 1666 4.00 2.97 
47 Central. 12/31/24 25,000— 35,000 28.9 78,350,000 22,200 86,089 40.3 11,176 15.16 AOS 6 6| RP 2.19 
48 Ee 12/31/24 25,000— 35,000 26.2 69,000,000 32,400 77,591 25.0a 10,700 17.00 . 1972 4.22 | 2.3 
49 East ee 12/31/24 25,000— 35,000 16.2 42,650,000 15,600 53,349 aY2 12,544 13.90 . 1778 4.46 | 2.50 
50 BM ck a wiema’ 12/31/24 25,000— 35,000 14.0 37,750,000 28,000 57,488 14. 8a 11,500 Deis .1112 2.56 3.05 
51 Central... . ; 12/31/24 25,000— 35,000 38.4 87,450,000 23,500 153,617 46.1 10,000 20.90 . 1645 3.29 3.51 
52 Central. he 12/31/24 25,v00— 35,000 36.2 88,900,000 11,750 116,135 86.4 11,047 Ler . 1632 3.61 2.61 
53 East 12/31/24 25,000— 35,000 33.3 80,100,000 25,000 72,586 36.57 14,586 7.49 . 2023 5.90 1.79 
54 Centralo. . 12/31/24 25,000- 35,000 | 45.1 98,700,000 26,000 84,688 43.30 10,906 11.70 . 2007 4.58 1.72 
55 East 12/31/24 15,000- 25,000 9.5 40,500,000 15,155 37,024 30.5 14,259 13.70 2322 6.63 1.83 
56 | East 12/31/24 15,000- 25,000 | 17.0 34,500,000 10,120 39,985 39.0 13,800 8.50 1914 5.28 | 2.2 
57 South 12/31/24 15,000— 25,000 24.9 49,000,000 17,800 44,724p 32.6 11,568 16.81 . 2743 3.17 | 2.0 
58 East 2/28/25 15,000— 25,000 34.0 | 63,500,000 16,400 60,931 44.0 | 13,674 11.00 Ag 2.04 
59 | Central......... 1/31/25 15,000- 25,000 | 45.5 40,000,000 12,500 58,700 36.0 11,500 | 16.00 1552 3.57 2.9 
60 Central... 12/31/24 15,0U0— 25,000 35.0 64,650,000 16,500 93,398q 48.2 10,393 16.00 1723 3.58 3.19 
61 Central. 12/31/24 15,000— 25,000 13.4 23,600,000 8,400 29,816 32.0 11,500 a .222 5.11 2.54 
62 East.... 12/31/24 15,000— 25,000 24.6 45,750,000 14,775 43,507 35.30 14,000 11.00 2155 6.04 2.21 
63 RE ae 12/31/24 15,000— 25,000 28.2 47,000,000 14,100 44,237 38.05 14,396 6.76 2318 6.67 1.88 
64 East. . ms 12/31/24 15,000— 25,000 9.8 16,150,000 11,60u 15,910 15. 86a 14,750 5.42 . 2092 6.17 1.97 
65 Fast... 12/31/24 15,000- 25,000 10.7 16,400,000 7,000 19,766 26.80 14,200 7.00 2192 6.23 2 dl 
66 West... rete 8/31/24 15,000— 25,000 37.2 | 53,600,000 16,900 74,807 36.20 9,500 5.00 122 2.32 27 
67 East res 12/31/24 15,000— 25,000 21.8 31,500,000 14,860 44,900 24.29a 13,157 10.62 .202 5:31 y b 
68 Central. ... -| 12/31/24 15,000— 25,000 15.8 17,250,000 10,700 28,238 18. 40m 11,662 16.53 .1415 3.29 3.2) 
69 “eee : 12/31/24 15,000- 25,000 56.6 79,250,000 16,800 59,793 53. 80 13,700 9.00 1635 4.48 1.51 
70 East ; 12/31/24 15,000-— 25,000 18.7 25,450,000 8,000 27,400 46.89 14,500 6.50 . 2385 6.92 2.1) 
71 East. . 12/31/24 15,000— 25,000 9.3 12,650,000 15,700 14,960 9. 20a 14,500 6.00 2592 7.52 2.30 
72 West. 12/31/24 15,000- 25,000 60.5 79,600,000 17,750 88,312 51.19 11,750 13.00 . 1285 3.02 2 
73 South ; 12/31/24 15,000-— 25,000 28.6 15,650,000 20,000 19,532 21.20 11,422 15.90 1411 3.23 eg 
74 | Centralu 12/31/24 19,000- 15,000 | 45.7 | 54,900,000 13,000 86,710 45.70 11,300 is 2355 5.28 3. 
75 South 12/31/24 10,000- 15,000 33.7 39,750,000 12,500 39,720 36.40 14,000 8.40 177 4.96 | } 
76 Kast 12/31/24 10,000— 15,000 14.0 16,000,000 5,400 17,355 34.00 13,881 9.13 . 283 7.87 2 : 
77 Central 12/31/24 10,000- 15,000 17.2 15,500,000 ; 23,976 ss cine TE cere o 2.29 2.% 
78 Central. ; 7/ 1/24 10,000- 15,000 33.6 | 30,000,000 6,700 45,254 51.00 14,000 6.01 . 1764 4.94 3 ¢ 
79 Central. 12/31/24 10,0900- 15,000 40.1 | 35,100,000 11,400 41,578 35.20 14,v00 9.00 :Uf2 4.82 e 7 
&0 South 12/31/24 19,900-— 15,000 26.1 | 22,850,000 6,500 30,829 40.10 13,200 1919 5.07 } “0 
81 South 12/31/24 | 10,900- 15,000 16.9 19,350,000 13,200 26,496 16.70a 13,300 11.00 1431 3.81 er 
82 Central 12/31/24 7,500- 10,000 26.3 21,850,000 5,600 22,940 44.5 | 12,830 11.50 0935 2.40 2H 
83 Central. 12/31/24 7,300- 10,000 23.0 | 19,300,000 5,750 31,317 38.0 13,200 4.50 1525 4.03 ie 
84 South 12/31/24 7,500— 10,000 24.6 19,480,000 10,500 21,799 21. 1a 14,000 6.50 166 4.65 4 $4 
85 Centralxr 4/30/25 7,500- 10,000 | 33.1 17,920,000 5,200 42,343 39.3 11,500 13.50 2009 4.62 4 
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7 . 
Operating Costs, Maintenance Costs and Performance Data on Americay 
Twelve- Annual Annual | Annual Av. Price 
Num- Section of Month Installed Plant Net Annual Peak Fuel Con- | Load Average | Average Cost of of Fuel | Po 
ber Country in Period Generator Use Output, Load, sumption | Factor, B.t.u. Ash, Coal per Deliv- | of Fa 
of Which Plant for Which Rating, Kw. Factor, Kw.-Hr. Kw (Short |Per Cent] per Pound | Per Cent} Million | ered per per Ne 
Plant Is Located Data Apply (Between) Per Cent (Approx.) Tons) (f’) of Coal B.t.u. Net Ton] Kw it 
(Ending) (e’) = 
86 East 11/30/24 7,500— 10,000 30.6 23,500,000 7,600 21,684 35.2 kate” wee icky PR eee ee $6.75 18 
87 West. 12/31/24 7,500— 10,000 41.4 30,900,000 6,314 38,860 55.6 12,750 15.00 $0. 1498 3.84 2 5 
88 West. cipro ae 12/31/24 7,500— 10,000 20.0 15,300,000 7,300 35,000 25.0 10,5u0 8.00 131 2.75 4.00 
89 South 12/31/24 7,500— 10,000 7.9 5,590,000 7,500 6,761 8. 5a 13,500 8.00 1306 3.53 2.4) 
90 Central. 12/31/24 7,500— 10,000 12.2 8,500,000 5,800 20,233 16.7a 11,500 1678 3.86 366 
91 Central. 12/31/24 7,500— 10,000 11.8 7,800,000 8,129 9,975 12.7a 12,5C0 9.CO 2138 5.35 2.55 
92 East 12/31/24 5, 009 7,500 20.0 16,740,000 5,700 16,287 25.0 14,617 7.13 217 6.35 2.27, 
93 East 12/31/24 5,000- 7,500 34.0 21,450,000 6,800 25,138 36.0 13,932 12.70 . 1635 4.56 2 34 
94 Central. : 12/31/24 5,000— 7,500 30.0 18,250,000 4,050 26,313 50.0 11,509 15.CO 1169 2.69 2.80 
95 Central. 12/31/24 5,000—- 7,500 14.1 15,130,000 4,500 26,532 38.4 9,864 13.58 . 239 4.71 3.50 
% Centralz 12/31/24 5,000—- 7,500 27.4 12,820,000 ‘ 15,250 14,515 . 205 5.95 2.38 
97 South 1’ 12/31/24 5,000—- 7,500 7.4 3,240,000 2,000 30" 3030’ 18. 5a 13,300 8.00 1405 3.74 ; 
98 Central. 12/31/24 3,000— 5,000 29.4 12,220,000 4,180 13,981 33.4 14,000 9.00 2135 5.98 2.29 
99 East 12/31/24 3,000—- 5,000 36.5 13,420,000 3,700 16,917 41.4 14,400 4.50 1574 4.53 2.52 
100 East 12/31/24 3,000—- 5,000 14.0 5,340,000 4.000 7,379 15.0a : 4.85 2.76 
lul West. 12/31/24 3,000—- 5,000 18.8 6,650,000 2,100 2,556b’| 41.6 12,000 9.00 255 6.12 3 40 
102 Central.. 12/31/24 3,000— 5,000 16.6 5,750,000 2,000 7,080 29.0 13,120 6.50 1895 4.98 2.78 
1u3 West 12/31/24 3,000— 4,000 28.4 8,870,000 3,054 15,275 34.9 12,750 15.00 1075 2.74 3.44 
104 Central... . 12/31/24 3,000- 5,000 46.1 12,110,000 3,450 11,907 40.1 13,000 , 10.00 2575 6.70 1.9% 
eee - — | — neues a S| aS —— —|———_—-| —____, 
105 Central. 1°/31/24 2,090— 3,000 20.4 5,190,060 1,900 8,910 31.1 14,000 7.10 177 4.96 3.43 
106 Central.. 12/31/24 2,000- 3,000 29.0 7,000,000 3,200 12,863 25.0 12,500 9 00 160 4.00 3.67 
107 South in 12/31/24 2,000— 3,000 16.6 4,000,000 3,000 8,853 15.2 14,500 11.00 1725 5.00 2.50 
108 East 12/31/24 2,000- 3,000 19.0 5,775,000 2,200 12,937 30.0 13,500 12.00 1595 4.31 4.40 
109 TO sin isch Caen 12/31/24 2,000- 3,000 27.2 6,210,000 1,100 13,700 64.4 : 2.20 4.59 
110 DNR 5s ixsa sek aes 12/31/24 2,000- 3,000 20.0 3,610.000 1,500 4,158 30.0 14,000 11.00 172 4.82 2.25 
11 MSs’ + a'niec 12/31/24 2,000— 3,000 18.8 4,115,000 1,250 10,220 37.6 11,000 12.00 175 3.85 4.97 
112 Ras cae eaeee 12/31/24 2,000—- 3,000 29.8 6,515,000 2,220 13,597 33.4 14,547 7.30 206 6.00 4.17 
113 5 osc a Rides 12/31/24 2,000—- 3,000 29.8 6,160,000 1,600 16,679 46.5 12,000 4.00 .0745 1.79 5.4] 
114 East ee 12/31/24 2,000— 3,000 39.0 8,010,000 2,750 19,463 33.3 14,400 7.05 . 1846 5.32 4.86 
115 Central. 12/31/24 2,000— 3,000 13.8 2,725,000 2,200 4,922 14. 2a 13,500 6.00 . 236 6.37 3.62 
116 Central 12/31/24 2,000— 3,000 20. 5 3,640,000 | 1,100 5,400 39.8 11,800 5.00 . 1652 3.90 2.% 
117 Central... . 12/31/24 1,000— 2,000 21.7 3,400,000 900 5,277 43.1 11,066 22.10 .1995 4.4] 3.10 
118 Central oooh | Upveeree 1,000—- 2,000 19.0 2,965,000 1,050 1,928 32.0 y ae 6.00 4.50 
119 ED cnx aax's 12/31/24 1,000— 2,000 15.0 2,070,000 790 6,433 30.0 13,000 7.00 202 o.a2 6.22 
120 Central....... 12/31/24 1,090- 2,000 24.2 | 2,730,000 1,500 6,980 24.8 3.67 5.12 
12! Central......... 12/31/24 1,000- 2,000 | 49.2 6,470,000 2,000 15,755 36.9 11,930 8.40 2275 5.44 4.40 
122 South ; 12/31/24 1,900—- 2,000 22.3 2,440,000 870 7,996 32.0 12,000 1672 4.01 6.54 
123 Central. 2/28/25 1,000—- 2,000 14.3 1,440,000 700 3,395 23.4 4.97 4.70 
124 Fast 12/31/24 1,000— 2,000 28.1 3,200,000 1,080 5,379 33.8 14,450 7.00 2246 6.50 3.36 
125 West. ; 12/31/24 1,000—- 2,000 37.5 3,615,000 1,290 9,637 32.0 11,000 13.00 1022 Zao 5.33 
126 West. 12/31/24 1,000- 2,000 14.0 1,255,000 480 3,595 30.8 12,500 14.50 1962 4.91 5.73 
127 West. 12/31/24 Below 1,000 25.7 1,855,000 6u0 4,442 35.2 13,000 13.50 2495 6.75 4.77 
128 West. 12/31/24 Below 1,0u0 19.6 1,550,000 527 4,953 33.6 12,000 10.00 147 3.53 6.40 
129 Eee eee ; 12/31/24 Below 1,v00 iZ.2 775,500 295 2,097 30.0 12,800 7.00 250 6.40 5.00 
130 COMME... 5c ae» 10/31/24 Below 1,000 19.0 756,000 300 3,872 29.0 10,424 13.35 130 aiae 10.20 
131 Central........ 12/31/24 Below 1,000 | 13.0 492,000 230 2,868 24.0 11,000 1475 3.2 11.50 
| 
132 res 12/31/24 Below 1 000 13:2 382,000 132 2,157 33.0 , 4.21 9.60 
133 CONE ac -00~ ite 12/31/24 Below 1,090 | 27.1 755,000 | 190 1,947 45.4 II, 000 ; 1295 2.85 5. 16 
134 oS ee ee 12/31/24 Below 1,000 ; 12.0 290,000 | 100 1,100 33.0 14,000 6.00 1303 3.65 8.00 
135 I ice cal Rin 12/31/24 Below 1,000 | 20.7 | 453,000 | 150 2,795 34.4 14,000 10.00 1785 5.00 10.00 
136 TONG 5.600% 08% 12/31/24 Below 1,000 | 30.2 595,000 230 3,000 2.5 13,000 7.00 250 6.50 lu.00 
a. Operate 1 in system having hydro-electric plants. i. Includes prime movers, auxiliaries, generators n. Includes some purchased energy, expenses based 
b. Four-month period. and electrical equipment. on energy generated only. 
c. Five-month period. j. Includes miscellaneous. o. With additional 35,000-kw. unit this plant over 
d, 30,090-kw. unit in commission Sept. 19, 1924. k. Includes boiler plant. a month's period operated at load factor of 58 per 
e. 30,090-kw. unit in commission Nov. 30, 1924. i. Includes generators, electrical equipment and cent, 17,200 B.t.u. per kw.-hr., and total operating 


f. Includes generators and electrical equipment. miscellaneous. 


. Two-thirds of capacity added during 1924. 
f. Natural gas used part of time; figure given is 
coal and gas equivalent in terms of coal. 


connection with those stations operating on the higher 
annual load factor. This trend is due to two things: 

1. In connection with all of the larger systems, the 
older stations, which are not capable of as good per- 
formance as some of the newer stations, are being 
assigned by the load dispatchers to carry the peaks 
of the system load, whereas the newer and more effi- 
cient stations are having assigned to them the job of 
carrying the base load. 

The fact of low load factor, with the resulting 
frequent starting and stopping of the turbines and 
auxiliaries, the frequent banking of boilers, the opera- 
tion of equipment at less than its most efficient load, 
accounts for a higher B.t.u. per kilowatt-hour in con- 
nection with any particular station than would corre- 
spond to cperation with a somewhat higher load factor 
under different conditions. 

We believe that the first consideration is more im- 


m. Standby to newer steam plant. 





(0.402) ‘and maintenance (0.017) expense of 0.419 


cents. 


p. Used 6,985 bbl. oil, 





portant as affecting the slope of the lines drawn in 
on Charts A and D, page 634, and we wish to point out 
definitely that in connection with any particular station 
the effect of the change in load factor on station per- 
formance would not be nearly so marked as might be 
indicated from an inspection of the above-mentioned 
charts. 

Chart C, page 634, covering the performance of 
smaller stations, does not show the same consistent 
trend as do A and D. It is probable that other inflit- 
ences have entered that have had a more important 
bearing on station performance than has the effect 
of load factor. 


EFFECT OF SIZE OF STATION ON STATION PERFORMANCE 


It is of interest to compare the values of station 
performance for stations of different sizes, and this 
comparison shows, from an inspection of Charts A, D 


also included in expenses. 


q. Used 38,919 bbl. cil at 143,099 B.t.u. per gal. 
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Det: 1il Maintenance I xpenses (Cents) 


Detail Operating Expenses (Cents) | 



























































- - — — ae —_——_———  _— —__—_-—_ Total Oper. Date of } Num- 
Be Wage Wate cae and Maint.| Initial | _ ber 
r Net a a is Building ile Prime Generators} \iseel- 1, Expense | Opera- of 
and Lubrica- Miscel- 7 Boiler Movers fand Elect | Total I P 
Kw.-Hr Fuel Supe srin- tion and laneous Total a —_ Plant Be et a ‘eos ‘| laneous (Cents) tion Plant 
te nde once Supplies ee : ine , . ae) 3 cae 
| to. 82 | 0.053. | 1.4 ae 1.473¢y | 1908 | 86 
1.011 0. 382 0 030 0.053 1.473 A ! 
28,779 0.4900 0.0942 0.0285 0.0125 0.6252 0.0033 0.0526 0.0302 0.0138 0.0052 0.1051 ° a seit = 
42,000 é 0.0203 | 0.4433 | 1.4888 89 
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and C, that corresponding to an annual load factor of 
40 per cent, the station performances are as follows: 


B.t.u. per Kw.-Hr. 


For stations of 50,000 kw. and higher....... 22 000 
For stations from 15.000 kw. to 50,000 kw.. .27,000 
For stations of 15,000 kw. and less......... 40,000 


We wished to determine whether the newer stations 
being built from year to year are showing progressively 
better performance, and with this idea in mind, Charts 
C, B and D, on page 635, were plotted. The date of 
initial operation was plotted as the abscissa, and sta- 
tion performance as the ordinate. It is to be noted 
that in connection with each of these three charts 
there is a definite trend toward better station perform- 
ance in connection with those stations more recently 
placed in service. In connection with Chart C, cover- 
ing the performance of stations having a capacity of 





Peak load (kw.) X 8,760 


50,000 kw. and higher, we have clearly indicated the 
stations that fall into the class of 100,000-kw. capacity 
and higher, and it is to be noted that these stations 
show appreciably better station performance than sta- 
tions falling in the class between 50,000 kw. and 
100,000 kw. in capacity. A comparison of these charts 
will show a convergence of the lines representing the 
weighted average performance of the stations falling 
in the different classifications as regards performance 
and probably present better than anything else that 
has ever been published the tangible evidence of the 
results of the hard work of designing engineers in 
striving after better station performance. 

Charts A, F and E, on page 642, show the results 
of our analysis in an effort to determine whether there 
is any consistent relation between station performance 
and quality of coal as represented by percentage of 
ash. The percentage of ash in coal has been plotted 
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as the ordinate, and B.t.u. per kilowatt-hour has been 
plotted as the abscissa. There seems to be a somewhat 
consistent trend toward poorer station performance 
with higher ash content of coal for the stations ranging 
from 15,000-kw. to 50,000-kw. capacity, as indicated in 
Chart F, on page 642. Charts A and E, on this page, 
fail to show any consistent trend whatsoever. Five 
points picked off of Chart A give us real food for 
thought. They are as follows: 


Station Performance, Per Cent of Ash 


B.t.u. per Kw.-Hr. in Coal 
SRT ook Tunica on hat al alo-ath os Sie Oe 10 
sit Oh eos kweiesoueu ut 14.5 
ERS SW caine rich catch yal PS 
Ry ihe is a wick Sinre heel ce 14.5 
SAREE hs 5d Aiea ae kaso koe 16.1 


Here are five of the most efficient stations in the 
United States, and the results cited have been obtained 
in spite of the very poor quality of coal. The answer 
is that the designing engineer reckoned with his handi- 
cap and selected equipment especially suited to the 
‘conditions. These instances clearly show what can be 
done, and the evidence here presented is another tribute 
to the work the designing engineers have been doing 
in recent years. 


EFFECT OF FUEL EXPENSE ON TOTAL OPERATING COSTS 
PER KILOWATT-HOUR 


The results of our analysis to determine the rela- 
tion between fuel cost and the total operating cost 
(fuel, wages and superintendence, water, lubrication 
and supplies, and miscellaneous) per kilowatt-hour are 
shown in Chart A, page 643. The relation is shown 
in a very clear-cut manner. It is of particular interest 
to note that this relation is somewhat different for 
stations that fall in three different classifications as 
regards capacity. For example: Corresponding to a 
total operating cost of 1 cent per kilowatt-hour for sta- 
tions of 50,000 kw. and higher, the fuel cost is 0.78 
cent, or 78 per cent of the total; for stations from 
15,000-kw. to 50,000-kw. capacity, the fuel cost is 0.72 
cent per kilowatt-hour; and for stations of 15,000-kw. 
and lower, the fuel cost is 0.63 cent per kilowatt-hour. 
As is to be expected, the differential between fuel cost 
and total operating cost decreased in connection with 
the larger stations, this being due to the decreased 
amount of operating labor incident to the use of larger 
generating units and larger boilers. 


EFFECT OF PRICE OF COAL ON TOTAL OPERATING COSTS 


No analysis of steam station performance costs can 
show much unless account is taken of the effect of the 
cost of coal upon the cost of power generation. Charts 
C, D and B, page 643, tell this story, and, as is to be 
expected, the trend is very definitely toward higher 
operating costs with higher coal costs. 


EFFECT OF PLANT USE FACTOR ON MAINTENANCE COSTS 


The costs of operating labor and superintendence 
and of maintenance bear about equal importance as ele- 
ments entering into the total operating costs. Neither 
of these factors, of course, is of the same magnitude 
as the fuel costs. We felt that maintenance costs 
should bear a very direct relation to plant use factor, 
and in order to verify our suspicions, we made the 
analyses shown in Charts D, B and C, page 642. Charts 
D and B show a clear-cut trend toward lower main- 
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tenance costs in connection with those stations having 
higher plant use factors. There are two reasons for 
this trend: 

1. A considerable amount of maintenance is neces- 
sary regardless of the number of kilowatt-hours gen- 
erated by the station during the year. If this expense 
is spread over the large number of kilowatt-hours cor- 
responding to a high use factor, the cost per kilowatt- 
hour is decreased. 

2. Frequent starting and stopping of turbines and 
long banking periods on boilers and stokers, which may 
be incident to low plant use factors, result in a more 
rapid deterioration of equipment and increased cost for 
maintenance. 


EFFECT OF STATION CAPACITY ON MAINTENANCE Costs 


A comparison of Charts D, B and C, page 642, shows 
the effect of station capacity on maintenance costs per 
kilowatt-hour corresponding to an annual plant use 
factor of 40 per cent. The maintenance costs are: 


Cents per Kw.-Hr. 


For stations of 50,000 kw. and higher........ 0.065 
For stations from 15,000 kw. to 50,000 kw... .0.078 
For stations of 15,000 kw. and smaller....... 0.14 


The increase in maintenance costs for the smaller 
stations is probably tied up with the use of smaller 
generating units and smaller boilers, together with the 
higher total investment per unit of installed capacity. 

Charts A and C, on page 646, were drawn to show 
the analysis of the operating costs in connection with 
eleven stations having a performance better than 20,000 
B.t.u. per kilowatt-hour. The weighted average lines 
drawn in on Chart C would tend to indicate that the 
lowest grand total of operating costs and maintenance 
costs corresponds to a station performance of approxi- 
mately 17,800 B.t.u. per kilowatt-hour. A further 
analysis, however, shows that this conclusion cannot be 
drawn, for the low operating costs in connection with 
the stations having performances of 16,744 B.t.u. per 
kilowatt-hour, 17,361 B.t.u. per kilowatt-hour and 
18,460 B.t.u. per kilowatt-hour are all accounted for by 
the extremely low cost per million B.t.u. in connection 
with the coal burned in these stations. The costs in 
connection with these three stations have determined 
the shape of the weighted average curve drawn in. 
This is an excellent example of the wrong conclusions 
that may be drawn from operating data of this sort 
if all the proper corrections are not made. It is of 
interest to note that in connection with the eleven 
stations referred to in these two charts the average 
fuel cost is 72 per cent of the average total operating 
cost, including maintenance. One might have expected 
that, in the more efficient steam stations that are now 
being built, the fuel costs would have dropped to a 
smaller percentage of the total operating costs, includ- 
ing maintenance. This does not appear to be the case, 
and it indicates that station designs are being made 
so as to reduce the costs of operating labor and main- 
tenance as well as the cost of fuel consumed. It is 
important that we bear in mind the relative magnitude 
of the different elements entering into the cost of 
power station operation, and in this connection it is to 
be noted that for the eleven stations referred to here 
the maintenance in connection with the boiler plant is 
54 per cent of the total maintenance costs—bulking 
larger than the combined maintenance in connection 
with the prime movers and their auxiliaries, generators 
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and electrical equipment, buildings and structures, and 
miscellaneous equipment in the power station. If fig- 
ures were available, we are sure they would show 
that a large percentage of this maintenance cost in 
connection with boiler plant equipment is in connection 
with the furnaces. This indicates the wisdom of cer- 
tain constructive steps that are being taken at the 
present time to modify furnace design so as to reduce 
furnace maintenance to a minimum. 

It would appear that there should be a rather definite 
relation between the cost of coal per million B.t.u. and 
the operating performance for which new stations are 
being designed—namely, the higher the cost of coal 
the more money the designing engineer is justified in 
putting into the station in order to get good operating 
performance. We were curious to see if this really 
worked out. Chart A, on page 635, shows the result of 
an analysis of the stations that have gone into service 
since 1920. B.t.u. per kilowatt-hour station perform- 
ance has been plotted as the abscissa and cost in dollars 
per million B.t.u. has been plotted as the ordinate. The 
weighted average line, curiously enough, slants the 
wrong way. Here again it is necessary to go back 
and make an analysis of the original data in order to 
find the answer. We have placed the dates of initial 
operation opposite each of the points on this chart. 
It is apparent that points of extremely good station 
performance correspond to stations placed in service 
comparatively recently, whereas the points of poorer 
pe:formance are for stations placed in operation at a 
somewhat earlier date. When dates of initial opera- 
tion in connection with the individual stations are taken 
into account, it becomes apparent that the slope of 
the weighted average line shown may be accounted for 
to some extent by the rapid developments in power 
station design during the last two years. It is a rather 
odd fact, however, that the four stations in connection 
with which the highest station performance has been 
obtained are all burning comparatively cheap coal. 
Two answers suggest themselves: 

1. Perhaps it is really true, as has been suggested 
a number of times, that with careful design it is 
possible to build a station for a performance of 16,500 
B.t.u. or 17,000 B.t.u. and actually obtain a lower invest- 
ment than in connection with a station designed for 
less—say 18,500 B.t.u. per kilowatt-hour performance. 

2. Perhaps all of our designing engineers and exec- 
utives are not watching their investment and fixed 
charges as closely as they might, and they may be 
permitting high station performance to become an end 
in itself rather than a means to an end. The question 
of whether extreme refinements in station design, in 
order to obtain the lowest possible fuel consumption, 
are justified is one that is certainly open to argument, 
particularly in connection with those stations located 
Closely adjacent to ample supplies of cheap coal. 





EFFECT OF STATION CAPACITY ON ANNUAL 
PLANT USE FACTOR 

Although no figures were available as to the invest- 
ment costs in connection with the different steam- 
generating stations and any judgment as to fixed 
charges per kilowatt-hour was a matter of conjecture, 
we were curious to see the relation of the different 
factors that affect fixed charges. It is to be realized, 
of course, that in connection with most of our modern 
stations the fixed charges per kilowatt-hour are as high 
as or higher than the fuel cost. In Chart D, on page 
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646, we plotted as abscissa the capacity of the station, 
and as an ordinate the annual plant use factor. A 
distinction was made in connection with those stations 
that are tied in with one or more water-power plants, 
as automatically the annual plant use factor in con- 
nection with these stations is decreased due to the 
favoring of the water-power plants. It is to be noted 
that in connection with both classes of steam-gen- 
erating stations there is a consistent trend for the 
annual plant use factor to increase with the rating of 
the station. In other words, the dollar of invested 
capital is used more efficiently in connection with the 
large stations than it is in connection with the small 
stations. This is probably the result of diversity. 


EFFECT OF VINTAGE OF STATION ON ANNUAL 
PLANT USE FACTOR 


We wanted to know whether the annual plant use 
factor is gradually decreasing in value as stations be- 
come older. Our analysis is shown by Chart B, on 
page 646. There is a clear-cut trend indicating that 
stations placed in operation twenty years ago have 
annual plant use factors of only about 55 per cent value 
of the annual plant use factors of stations placed in 
operation during the last two or three years. 

Reference to Charts D and B, on page 646, shows 
that only six of the 136 generating stations have annual 
plant use factors in excess of 50 per cent. It is to be 
noted that four of the six stations that have annual 
plant use factors in excess of 50 per cent have been 
in service five years or less. This is just one more 
indication that the burden of proof is on the designing 
engineer who attempts to justify recommendations to 
his executives for increased investments on the basis of 
savings in fuel consumption to be effected, assuming 
annual plant use factors of 50 per cent or higher. We 
are perfectly safe in stating that only where there 
is an extremely favorable set-up can it be expected that 
a station will operate for a long period of time with 
an annual plant use factor in excess of 50 per cent. 
Most stations now being designed will average more 
nearly during the first twenty years of their life an 
annual plant use factor of 40 per cent. 


EFFECT OF STATION RATING ON PERCENTAGE 
OF SPARE CAPACITY 


We wished to know whether the percentage of spare 
capacity allowed in connection with different stations 
bore any relation to station capacity, and accordingly 
in Chart C, on page 634, plotted as ordinates the 
ratio of peak load to station rating, and we plotted 
as the abscissa the rating of the station in thousands 
of kilowatts. A definite trend was indicated, approxi- 
mately 26.5 per cent of the station capacity being idle 
in connection with stations of 10,000-kw. capacity, cor- 
responding to the time of the system peak, while in 
connection with stations of 180,000-kw. capacity, only 
11 per cent of the capacity was idle at the time of 
the system peak. Here again we see the effect of what 
is probably diversity entering in to allow of a more 
efficient use of each dollar of invested capital in con- 
nection with large steam-generating stations. 

It is of interest to compare the operation of a group 
of the small stations with one of the large stations, 
and with this thought in mind we have taken as a 
group stations Nos. 74 to 136, inclusive. The total 
generation in connection with these sixty-three stations 


(See page 648 for continuation) 
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Table 1l—Natural Gas Burning Stationg Predo 
; 2 i 4 i 6 7 8 9 19 Tr Hike «a &. 
: a 
caline Average 
Number Section Month Installed aoe Net Annual Peak Annual Fuel ‘pone Average , Fu Q ‘ = _ | Btu per 
of of Period Generator eee Output, Load, Consumption, anton B.t.u. per Dekvered Ni - | Net : 
Plant Country Ending Rating, Kw. Der Cent Kw.-Hr. Kw. M. Cu.Ft. Per Gant Cu.Ft. Cents pe A Kw.-Hr, | Kw-Hr Fuel 
M. Cu. Ft. | 
1 | West | «12/31/24 | 10,000—25,000 79.8 175,218,000 | 26,000 4,485,000 76.7 929 11.0 | 25.5 | aod 02a 
2 West 12/31/24 | 10,000—25,000 67.6 139,538,000 25,000 3,917,000 63.5 985 11.5 26.9 | 27,530 0.325 
3 South 12/31/24 5,000—10,000 14.26 10,619,000 2,700 381,000 44.9 995 15.0 35.9 35,740 0.540 
4 South 3/31/25 5,000—10,000 27.4 15,504,000 5,000 578,251 35.3 950 12.5 37.3 | 35.454 0.468 
5 South 12/31/24 5,000—10,000 43.1 18,875,000 4,980 705,520 40.66 982 4.0 37.4 36.704 0.100 
6 South 12/31/24 1,500— 5,000 14. 66 4,401,000 1,510 209,419 33.27 940 21.2 47.5 45,108 1.008 
7 South 12/31/24 1,500— 5,000 32.2 6,368,000 2,000 319,781 36.3 : 22.7 50.3 1. 179 
8 South 12/31/24 1,500— 5,000 27.1 3,562,000 850 147,850 48.0 900 15.0 41.5 37,350 0.527 
9 South 12/31/24 Below 1,500 23.6 1,018,000 600 54,891 19.5 1,000 17.0 43.5 43,500 0:970 
10 South | 12/31/24 Below 1,500 21.0 639,000 175 43,337 42.0 900 13.5 67.0 60,300 0.90 
= — — oo a a See aaa = a — _ — ———— 
Table I1l—Diesel Er cngine ‘ieee Are W 
2 3 4 “Ve 6 7 1 8 9 10 mo of)l( 5 \4 
7 _ | i Piel i i Average aes 
T'welve- } Annual Annual Price cf | Pounds of 
Number | Section Month Installed | Plant Use Load Net Annual Peak Annual Fuel Average Fuel Fuel per | B.t.u. per 
of of Period Generator Factor, Factor, Output, Load, Consumption, | B.t.u. per | Delivered, Net Net Fuel 
Plant Country | Ending | Rating, Kw. Per Cent | Per Cent Kw.-Hr. Kw. ub. Lb. C —e Kw.-Hr. | Kw-Hr. 
per b. | } 
a ne a ae ee ee ae a 9 ee RE ea a 7 ee —— = ae aaa 0.663. 
1 West 12/31/24 | Over 1,0C0 31.7 47.8 8,535,000 2,040 ) 42 
2 West | 12/31/24 Over 1,000 34.3 33.0 4,500,060 1,550 3,915,CC0 18,000 0.49 0. 86 15,500 0 396 
3 South | 12/31/24 | Over 1,000 20.2 28.2 2,322,C60 940 2,140,CCO0 18,700 0.43 | 0.92 17,235 0.450 
4 Central 12/31/24 Over 1,000 34.8 30.0 3,053,C00 1,160 2,381,CCO 19,250 0.58 0.78 15,015 
( 
5 | Central | 12/31/24 |  300-1,000 26.6 34.4 1,681,000 555 747,0CU seisen | ee 0.44 Hy 
6 | South 5/31/25 300—1,000 25.3 48.4 1,110,000 350 843,111 18,975 0.68 0.76 14,407 0880 
7 Central 12/31/24 300-1,000 29.1 28 «(| 770,000 400 690,000 : 0.975 0.90 
| 
0.8 
8 Central 12/31/24 Below 300 23.5 28.0 490,000 201 458,000 19,000 | 0.89 0.93 | 17,600 0 2 
9 Central 12/31/24 Below 300 32.0 32.0 310,000 184 450,000 19,500 0.74 1.45 | 28,250 0.774 
10 =| Central 12/31/24 Below 300 29.2 42.5 445,000 120 475,000 18,000 0.73 1.06 | 19,080 BP 1 110 
1 Central 12/31/24 Below 300 18.0 18.0 261,000 160 280,000 19,000 0.99 0.93 | 17,700 BR 9.915 
12 Central 12/31/24 Below 300 15.2 24.1 185,000 88 245,060 19,780 0.69 1.32 26,099 Fe 1 26 
13 Central | 12/31/24 Below 300 16.7 24.0 146,000 65 232,000 18,500 0.80 1.58 | 29,230 BE | 086 
14 West | 12/31/24 Below 300 | 18.0 24.2 158,000 75 206,000 18,000 0.82 1.25 | 23,320 ME 3 900: 
15 Central | 12/31/24 Below 300 24.7 23.9 84,000 40 108,C60 1.29 1.29 ee 
= mrs — — jomedee — ———— a —_— — — = aoe ee erat ee i 
. —————— : : : — 
Table IV—Oil Burning Station} 
- - - mm 
1 2 | 3 4 5 6 7 8 9 | 18 1 12 13 nes 
C—O Peak Average | a 
Number Section Twelve Installed Annual _ aa) ’eak ; hi Annual Average Price of | Pounds cf | B.t.u. per 
“al ; of | Month Generator | Plant Use a Semen Load Fo necneest — Load B.t.u. per Fuel Fuel per Net Fuel 
Plant Country Period Rating, Kw. Factor, ane < Ww. : Lb 109+ | Factor, Lb. Delivered, Net | Kw.-Hr = 
Ending Per Cent Per Cent ae : mae Per Cent Cents per | Kw.-Hr i 
Lb. : 
“Bast | 12/31/24 | 50,000 up 22.5 | 249,000,000 | 87,000 | 442,963,000 | 36.0 17,240 | 0.309 | 1.584 | 23,190 
2 West 12/21/24 50,000 up 70.7 428,700,000 107,000 185,700,000! 78.1 18,500 0. 373 1.2972 24,000 FF 
3 South 12/31/24 50,000 up 28.7 226,600,000 55,000 270,000,0003 47.0 17,874 0. 3165 1.3592 | 24,288 Be 
4 West 12/31/24 50,000 up 37.9 244,906,000 69,000 313,252,000 40.5 18,500 | 0.284 1.28 23,661 
5 West 12/31/24 | 50,000 up 51.8 290,250,000 57,000 489,000,000 58.1 18,500 0. 390 1.71 31,600 
6 West 12/31/24 | 20,000—50,000 68.2 238,380,000 41,000 130,900,0006 66.0 - i i ees veoeee I 
7 East 12/31/24 | 20,000—50,000 20.5 60,228,660 28,850 81,900,000 23. 87 17,821 0. 46 1.36 24,237 
8 West 12/31/24 | 20,000—50,000 14.3 29,996,160 24,000 60,676,000 14.37 18,360 | 0.461 2.02 37,000 
9 | West8 12/31/24 | 20,000—50,000 27.3 53,740,600 20,500 488, 593,0008 29.97 8,775 0.03 9.09 43,878 
10 West 12/31/24 | 29,000—50,000 61.8 113,700,000 23,500 127,651,000 55.2 18,507 0. 332 1.12 20,727 0.163 
11 West! 12/31/24 | 20,000—590,0v0 35.2 61,700,000 | 19,700 310,192,000 35.7 4,372 | 0.0268 5.26 22,997 eal 
| | , 6 
12 West 12/31/24 | 10,000—20,000 | 45.3 63,450,000 18,000 104,106,000 40.2 18,500 0. 300 1.64 30,353 BP 0.55) 
13 West | 12/31/24 | 10,000—20,000 45.6 69,521,000 17,600 92,946,060 39.3 19,250 0.359 1.535 29,548 Be 0.77 
14 Bast | 12/31/24 | 10,000—20,000 31.4 39,260,000 14,000 67,684,000 32.9 18,200 0.447 1.724 31,377 0.493 
15 South 12/31/24 | 10,006—20,000 28.1 33,450,000 10,600 51,900,000 36.0 18,600 0. 3233 1.525 28,365 0.516 
16 South | 12/31/24 | 10,000—20,000 62.8 71,560,000 13,400 122,166,000 61.8 18,137 0.302 1.71 30,962 0.530 
17 West 12/31/24 | 10,000—20,000 35.1 32,273,000 10,000 56,398,000 36.8 18,500 0.30 1.75 32,44 ae 
i 
18 South 12 3124 7,500 —10,000 23.0 18,272,000 3,500 27,400,000 59.0 18,000 0.452 1.50 27,000 BR 0.978 
19 Kast 1130.24 7,500 —10,000 15.1 11,676,000 3,600 24,403,000 37.0 17,850 0.47 2.09 37,306 RR 0.676 
20 Central 12/31/24 7,500—10,000 17.9 12,932,000 4,600 19,948, u00 32.9 14,456 0.44 1.95 28,10 Fe 1.10 
21 South 12/31/24 7,500—10.000 14.5 9,156,000 4,500 27,572,000 41.8 18,000 0.365 3.01 54,180 TR 0.908 
22 West 12/31/24 7,500—10,000 5.0 3,976,000 9,200 1u, 184,000 4,910 18,880 0.382 2.56 48,39) 1.252 
23 East 12/31/24 7,500—10,000 8.5 5,620,000 7,200 10,950,000 8.97 18,560 0.657 1.91 35,39 0.6 
24 East 12/31/24 | 2,500— 7,500 26.0 14,829,0u0 5,000 24,059,000 34.0 18,250 0.537 1.618 2952 5 (0.69) 
25 West 12/3124 2,500— 7,500 15.9 9,035,000 5,000 14,290,000 20.6, 18,500 0.361 2.03 ae | .49( 
26 East 12/31/24 2,500— 7,500 | 2.0 988,060 5,500 2,710,600 2.17 18,500 0.657 2.27 42,008 B 9.873 
27 West 12/3124 2,500 7,500 | 44.0 22, 283.000 6,100 39,600,060 41.0 18,500 0.540 1.615 29,900 1.078 
28 South 12/31/24 2,500— 7,560 | 18.3 7,570,000 2,100 17,002,060 41.0 19,280 0.475 2.25 ot 1.69: 
29 Central 12/31/24 2,500— 7,500 12.8 4,014,000 2,000 14,189, u00 29.0 19,250 0. 476 2.72 ae 0.610 
30 South 12/31/24 2,500— 7,500 | 28.1 7,371,000 2,460 13,028,600 34.2 18,098 0.344 1.77 32, tae 
31 West 12/31/24 Below 2,500 31.0 5,639,000 2,000 7,200,00012 32.07 18,500 0.505 2.412 44,608 : 40) 
32 East 1231/24 Below 2,5u0 8.7 1,231,C60 1,600 6,120,000 8. 87 18,500 0. 683 2.05 Hl oe 
33 West 12/31/24 Below 2,500 15.3 2,908,000 1,700 6,070,069 13.5 18,590 0. 346 3.02 3 a 
34 South 12 31/24 Below 2,500 35.8 4,632,000 2,810 13,123,000 36. 7,842 | 60.304 .— i108 2 O3 
35 South 12/31/24 Below 2,500 12.9 1,123,000 650 7,354,000 19.7 17,900 0.27 6.54 be 03¢ 
34 | South 12.31 24 Below 2,500 | 22.3 1,606,C00 | 610 5,872,000 30.0 18,500 0.553 3. 66 
= - ————— aacines $< —— a 
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——— - 
predominate in the South 
14 | 15 | 16 17 i8 19 20 21 22 { 23 | 24 | 25 26 | 
Operating E xpenses, Cents Maintenance Expenses, Cents Total | | 
——$—$___——_ —— - ————— —_—_— Jperating oe 
Pa y anal Ws ater, | Buildings | Pins )Generators | s and ee 
Wages and | Tubrication| Miscel- | Total | aaa es | Boiler Siicaan anid and Miscel- | Total Mainte- | 9 ha 
Fuel ean and laneous | ” St aoe | Plant “Auxilis ane’) Electrical | laneous , nance E 
tendence Supplies Structures Auxiliaries IE iquipme nt| | Expense 
~).281 0.035 0.000 0.001 0.317 0.001 | 0.004 |} 0.003 0.003 0.0000 0.011 | 0 328 1921 
0.325 0.055 0.006 0.003 0.389 0.00! | 0.010 ; 0.010 0.001 0.001 0.023 0.412 1911 
| | | 
5 0. 156 0.019 0.000 0.715 0.065 | 0.015 0.0/9 0.016 0.000 0.116 | 0.832 1916 
0.540 
0.468 0.135 0.076 0.000 0.679 0.018 0. 182! etwas 0.004 0.002 0.207 0.887 1904 
0. 100 0.178 0.010 0.000 0.288 0.006 | 0.085! Spee 0.068 0.005 0.164 0.452 aces 
| | 
1.008 0.289 0.105 0.000 :46R | ccs | aia adios: ‘waaay 0.179 | 1.581 1909 
0. 1830 0.0838 0.0105 1. 4563 0.0159 0.0452 0.0078 0.0008 0.0018 0.0715 | 1.5278 1915 
1.1790 ~ 
0.527 0.448 0.056 0.0310 | 1.0200 0.001 0.078 | 0.056 0.0000 0.0000 0. 166 1.09 1914 
| 
0. 286 0.158 0090 | 1.5053 0.0189 0.0492 0.0262 0.0820 0.0210 0.1973 1.7026 1923 
‘’ 1.00 0.09 0.100 | 2.09 | 0.6GL0 I. 0.02 0.01 0.060 0.02 0.50 | aan 1919 
= aa a ———— — : ———n ee 
Are W ell Distributed — 
—T « | 17 18 9 | 20 21 22 23 14 25 
———— ~ Operating b/xpenses, ( ents _ - i F Maintenance L.xpenses, ¢ ens” —— | ~ ‘fotal 
ee es - - —| Operating | 
| Water, | Generators | and Date of 
| Wages and | Lubrication | Miscel- Buildings Prime and Miscel- Mainte- Initial 
Fuel Superin- and | laneous | Total and | Movers and Electrical laneous Total nance Operation 
tendence Supplies | | | Structures | Auxiliaries E quipme nt | | Expense 
Sale cael Racha : ——$$$____|—_______|— amano cieebeinie aaa = Dacian) Ricans 
0.6633 | 0 2282 0.1133 | 0.0246 | 1.0294 | 0.0111 0 2337 0 0041 0 0023 0.2512 | I 2806 | 1915 
0.42 0.28 0.15 |} 0.01 | 0.86 0.00 0.16 0.02 0.0 0.19 1.05 1918 
0.396 0.712 0.174 | 0.068 1.350 0.032 0.330 0.022 0 079 0. 463 1.813 1904 
0.4507 0.1273 0.1252 0.0090 0.7122 0.0152 0.2122 | 0.0107 0.0029 | 0.2410 0.9532 1916 
0.3410 0.2580 0.1117 | 0.7107 0.0142 | 0.0835 0.0134 0.0236 | 0.1347 | 0 8454 1911 
0.5189 0.6282 0.0386 | 0.0000 | 1.1857 0.0000 0. 15442 0.0000 0.0559 0.2103 | 1.3960 1924 
0. 8800 0.4125 | 0.1144 | 0.0159 1.4228 0.0632 0.0446 | 0.2647 0.0339 0.2905 2.1237 , 
0.82 0.89 | 0.28 0.00 1.99 0.0000 0.20 0.0000 0.02 0.22 2.2100 we 
0.65 0.89 |} 0.13 0.27 } 1.95 ; 191 
0.7743 0.986 0.25 0.000 2.0103 0.000 0.0090 0.000 0.0415 0.0415 2.0518 1968 
1.1100 0.8380 | 0.3586 2.0375 4.3441 0.0482 1.2970 0.0898 0.0000 1. 4350 5.7791 ‘ 
0.915 2.720 0.194 0.134 3.963 3.963 1915 
1.26 2.45 0.6 0.06 4.37 0.04 0.05 0.000 0.060 0.09 4.46 
1.086 2.658 0.126 0.000 3.870 0.126 0. 2936 0.6690 0.063 0.4826 4.3526 1916 
3.0008 3.600 0.609 6.69 1.82 8.42 1920 
low Good Performances 
14 15 16 17 18 19 : 20 21 a 22 3 23 a 24 25 a1 
Oper rating Expenses, Cents Maintenance E-xpenses, Cents } Total l 
‘ ———__—— ~ ——- $$ ——_—_—_—_—_— — —_—— Operating : 
; | Wages and | L Water, | Miscel- 7 Buildings Boiler Prime a, Misaat: ee Tait - 
Fuel Superin- and Supplies| laneous Total . and Plant Movers and Electrical | laneous | Total | nance | Operation 
tendence Structures | Auxiliaries Equipment | Expense | ae 
— catia iin acetic B cscscadiaiacmelineis nasil aioe id ; — : cienciageealiaieiannl ideale 
0.4828 0.0839 0.0457 0.0035 0.6159 0.0079 0.0381 0.0124 0.0087 0.0027 0.0693 0.6857 1909 
‘7 0.05 0 Ol 0.00 0.37 0 eS. 0.02 0.01 0.00 0 oe 0 aa 0 “= 1911 
0.15 0.01 ; 0.59 0.00 0.035 |} 0.0215 0.01 0 08 0.6 | 1906 
oan ; os 0.020 0.005 A 0.003 0.033 0.004 0.004 0 = ; = 0 oe | 1910 
05 0.016 0.000 0.733 0.008 0.016 0.015% 0.00 03 0.772 ee 
| | 
0.5200 0.1018 0.259 0.000 0.6477 0.0019 0.0232 | 0.0398 0.0002 0.000 0.0650 0.7127 1907 
ia : 105 0.019 0.007 0.763 | 0.008 0.020 | 0.004 0.044 0.003 ; 079 0.842 1910 
207 0.029 0.021 1. 158 0.030 0.020 0.004 0.009 0.028 091 1.249 1914 
0.250 0.113 0.007. | 0.008 0.384 | 0.007 0.036 | 0.009 | 0.001 0.004 0.057 0.441 1910 
0.385 0.044 0.007, | 0.004 0.440 | 0.001 0.0369 0.037 0.477 1914 
0.1634 0.0542 0.0065 0.0057 0.2298 0.0012 0.0142 | 0.0033 0.0017 0.0003 0.0207 0.2505 | 1919 
0.4968 0.0887 0.0172 0.000 0.6027 0.0015 0.0326 | 0.0128 0.000 0.0022 0.0491 0.6518 1907 
0.5511 0.0620 0.0241 0.0000 0.6372 0.0013 0.0176 0.17% 0.0000 0.0368 0.6741 | 1907 
a 0.12 C.05 0.00 0.94 0.009 0.071 0.016 0.010 0.000 0. 106 1.046 | 1911 
493 0.088 0.020 0.006 0.607 0.032 0.026 0.019 0.010 0.012 0.099 0.706 1908 
ci 0.081 0.025 | 0.008 0.630 0.008 0.023 0.004 0.024 0.004 0.063 0.693 
5300 | = 0.1183 0.0139 | 0.0000 0.6622 0.0019 0.0281 0.0338 | 0.0000 0.0055 0.0693 0.7315 1908 
0. 580 0.110 0.006 0.007 0.703 0.005 0.005 0.004 | 0.000 0.000 0.024 0.727 | j 
ie 0.1793 0.0210 0.0218 1.2001 0.0298 0.0954 0.0009 | 0.0286 0.0054 0.1601 1. 3602 1902 | 
i. : ane 0.0325 0.0086 0.8585 0.0040 0.0125 0.0000 | 0.0130 0 a 0 = 0.8910 1914 | 
. 6 |} 0.05 0.00 1.41 0.02 0.09 0.04 | 0.01 0.2 0.3 1.80 1909 
ae 0.3713 | 0.0770 0.2989 1.6548 0.0021 0.0596 | 0.1795 0.0021 0.0129 0.2562 1.9110 1922 
20 0.2470 0.0234 0.000 1.5224 0.0440 0.0988 | 0.1890° iy 0.0049 | 0.3367 1.8591 | 1912 
0.8690 0.1565 0.0309 0.0009 1.0564 0.0282 0.1068 | 0.00¢0 0.0075 | 0.0060 | 0.1425 1.1989 | 1917 
19917 | 0.2258 | 0.0130 | 0.0377 | 0.9682 | 0.0059 0.0409 | 0.02598 0.000 0.0727 | 1.0409 1904 
0 8739 9.6960 | 0.0631 | 0.0000 2.2491 | 0.0025 0.1950 0.00046 0.0010 0.1989 2.4480 1923 
| O78. ).0887 | 0.0079 | 0.0069 0.9696 | 0.0012 | 0.0295 0.0380 0.0007 0.0000 0.0694 1.0373 1906 
16959 0.196 0.064 0.00690 1.338 | 0.000 0.083 0.015 0.014 0.019 0.131 1.469 1909 
0.610 0.3293 0.0678 0.0092 2.1013 0.0007 0.0246 0.0008 0.0302 0.0114 0.0677 2.1690 1911 
). 234 0.608 0.028 0.880 0. 606 0.065 0.007 0.019 | 0.008 0.0105 0.985 1916 
ait 9.3530 | 0.0607 | 0.0000 1.6319 | 0.0064 0.0132 | 0.0113 0.0005 | 0.0000 0.0252 1.6569 1909 
1 OF 1 135 0.024 | 0.059 2.599 | 0.002 0.093 } 0.001 _ 0.033 0.001 | 0.130 2.729 1910 
0 8% | 07 0.00 | 0.17 | 2.45 | 0.0008 0.0235 0.0049 0.0000 0.0292 2.2792 1907 
1.799 U. 38 0.11 0.03 |} 1.38 | 0.01 0.15 0.11 0.03 0.01 0.31 1.69 1901 
2.030 v 878 0.085 0.043 2.796 0.043 J. 96738 5 0.065 1.975 3.871 1910 
| ).653 | 0.0775 0.0288 2.7893 | 0.0021 | 0.0488 0.057 0.0106 0.6013 1.104 2.8997 
—m——_ = pes ce | 
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is 656,018,000 kw.-hr. It is to be noted that station 
No. 4 generated 640,750,000 kw.-hr., which is approxi- 
mately the same as the combined generation for the 
sixty-three smaller stations. The combined rating of 
the sixty-three smaller stations was 288,777 kw. The rat- 
ing of station No. 4 is about 190,000 kw. The probable 
investment in connection with the sixty-three smaller 
stations is in the neighborhood of $49,000,000. The 
probable investment in connection with station No. 4 is 
of the order of $19,000,000. Taking the fixed charges 
at 13 per cent, the fixed charges per kilowatt-hour in 
connection with the power generated by the sixty-three 
smaller stations are 0.97 cent, and the fixed charges per 
kilowatt-hour in connection with station No. 4 are 
0.385 cent. These fixed charges, of course, reflect the 
average plant use factor, which, in connection with the 
sixty-three smaller stations, averaged 26 per cent, 
whereas the average plant use factor in connection with 
station No. 4 was 40 per cent. The total of operating 
costs and maintenance in connection with station No. 4 
was 0.516 cent per kilowatt-hour, whereas the corre- 
sponding average costs in connection with the sixty- 
three smaller stations for substantially the same total 
annual generation were 1.19 cents per kilowatt. 


LARGE STATION Most ECONOMI7AL 


In the preceding paragraph we have a clear-cut pic- 
ture as to the advantages of using a single large 
generating station instead of a group of smaller gen- 
erating stations. It is to be borne in mind, of course, 
that we have sized up these changes solely from the 
standpoint of a steam-generating station, without rela- 
tion to the geographical proximity of the station to its 
load. It is possible, of course, that considerations of 
investment in transmission and distributing lines may 
make the installation of a number of smaller stations 
worth while. With increasing load densities and tying 
together of existing systems, we shall more and more 
come to the use of a few large stations rather than a 
large number of smaller stations, and the analysis in 
the preceding paragraph clearly shows the reason. 

The records of station performance set down here 
are such that we may well be proud of them. A set 
of operating records that we may use as a basis of 
comparison was included as a part of a most interesting 
address which W. H. Patchell delivered at the time of 
his inauguration as president of the British Institution 
of Mechanical Engineers, on Feb. 21, 1924. As a result 
of a review of the situation abroad, Mr. Patchell pre- 
sented the operating efficiencies of thirty-six stations 
in England and of the Gennevilliers Station in France. 
Most of the operating records were for the twelvemonth 
ended March 31, 1923. The heat consumption per 
kilowatt-hour for the most efficient station in England 
—the Dalmarnock station of the Glasgow Corporation— 
was given as 20,150 B.t.u. per kilowatt-hour. Only 
fourteen stations in England, and the Genevilliers sta- 
tion in Paris, were credited with having a performance 
better than 25,000 B.t.u. per kilowatt-hour. On the 
other hand, the accompanying record shows that during 
the calendar year 1924 there were twelve stations in the 
United States in connection with which the operating 
performance was better than 20,000 B.t.u., and four of 
these stations generated their energy for less than 
17,500 B.t.u. per kilowatt-hour. The writer knows of 
at least ten other stations in this country, in addition 
to those the records of which are given here, which 
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are producing power for less than 20,000 B.t.u. per 
kilowatt-hour. It is apparent that the achievements in 
connection with the design and operation of steam- 
generating stations in this country are something of 
which we can all be proud. 

A mass of data such as is presented here, covering 
the operation of 136 generating stations, is like a piece 
of farm land—it must be worked if it is to prove of any 
real value. We have shown here some of the trends 
that are indicated by analyses of these data. We have 
only scratched the surface. We are sure that engineers 
who are interested in the operation of steam-generating 
stations will be able to use these data effectively in a 
good many ways for the solution of many different 
problems. The spread of these data is most significant. 
In some cases there are very definite reasons for the 
performance or for some element in the cost of opera- 
tion in connection with a particular station being far 
out of line with corresponding figures of other stations 
that seem to be of about the same general characteris- 
tics. These reasons will in many cases be apparent 
if the data are studied. In other cases we are sure - 
that costs are out of line as regards certain elements 
simply due to a lack of vigilance on the part of the 
men responsible for the operation of these stations. 
It is extremely important that each plant engineer 
have a clear-cut idea as to the relative magnitude of 
the different elements that enter into the production 
of the kilowatt-hour and that he know the way in which 
these different elements will vary with changes in oper- 
ating conditions. It is well that he know the upper 
and the lower limits and be able to test by actual 
experience his ability to obtain the figures that are 
being obtained in some other station. 


VALUE OF COMPARISONS 


The value of being able to compare costs and of know- 
ing the elements of cost accurately is indicated by the 
following incident. The writer was responsible for an 
investigation of what appeared to be rather high oper- 
ating costs in connection with the handling of ashes 
in a large steam-generating station. An investigation 
showed that the cost of removing ashes from the ash 
hoppers, loading them into V-shaped side-dump cars, 
hauling them a distance of three-eighths of a mile by 
means of a battery locomotive and discharging them on 
to the dump was_running in-some cases as high as $2 
per cubic yard. The general foreman in charge of 
the ash-handling gang was an old railroad construction 
man, and when the actual costs per cubic yard of mate- 
rial handling were brought to his attention, he knew 
at once from his experience as construction man that 
the costs were too high. He had up to this time been 
perfectly satisfied that the men in his gang were work- 
ing efficiently, but with the knowledge available to him 
of what the costs per cubic yard of material handled 
were running he realized that there was considerable 
room for improvement. Within six months’ time after 
these figures were brought to his attention the cost 
per cubic yard of handling ashes dropped to less than 
40 cents. 

We think it likely that there are many steam-gen- 
erating stations in this country in connection with 
which there are certain elements of the coct of power 
production that are unnecessarily high, and it requires 
only a yardstick to indicate the particular element 
that is high. We have provided you with the yardstick. 





SEPTEMBER 26, 1925 


ELECTRICAL WORLD 


649 


All New Coal-Burning Stations Will Burn Pulverized Coal—Present Boiler House Con- 
struction Will Be Revolutionized—The Future Boiler Will Be Entirely Water Cooled to 
Obtain Maximum Efficiency—Great Reduction in Furnace Size Predicted 


Future Trend 


of Boiler Plant Design 


By THOMAS E. MURRAY 
Consulting Engineer, New York 


power industries for many years, I am very 

reluctant to prognosticate what the development 
of even the next few years will be, because of the 
rapidity with which changes have been brought about 
in the past decade. 

The great strides made in recent years in power 
plant practice have been largely due to the electricity 
supply industry. This present-day colossus of com- 
merce was, I remember, spoken of in the early days 
as a “shoestring business.” Essential to its growth 
was the basic idea of a central station generating 
power economically and distributing this product to a 
large number of users. Before the inception of the 
electric central station, when steam power alone was 
used, each individual industrial plant had its own power 
plant, and naturally large power stations were not in 
vogue. Fuel was cheap and labor plentiful. Boilers 
were all of the fire-tube type and of small capacity. 
Automatic stokers and other fuel and labor-saving de- 
vices had not been developed. Machines to be driven 
by power were direct connected to the prime mover, 
or driven through line shafts and belting. Then came 
the central station. 

Consider the great advances that have been made 
since that memorable day in September, 1882, when 
Edison started the first central station in New York, 
known as the Pearl Street station. The boiler plant 
consisted of four 240-hp. boilers and the generating 
equipment comprised six 125-hp. engines direct con- 
nected to “Jumbo” generators. Steam was supplied 
to the engines at 120 lb. pressure and electrical energy 
was distributed to the consumer, first at 110 volts. This 
was the seed from which has grown our modern super- 
power plants. 

The first radical improvement in the design of the 
modern power station was the introduction of the steam 


A ever i I have been connected with light and 


turbine. This resulted in the reduction of steam con- 
sumption, lower investment cost, reduced labor expense 
and an extraordinary reduction in the size of the engine 
room for a given output. By 1910 steam turbines 
had been adopted as a standard for all large stations, 


and the maximum capacities of units had increased to 
about 14,000 kw. 


INCREASE IN TURBINE CAPACITIES 


Today we find steam turbines are on order for capaci- 
ties of 80,000 kw. and manufacturers are prepared to 
build even larger units. Stations are being erected 
for ultimate capacities of 600,000 to 750,000 kw. Over- 
bead distribution lines of 220,000 volts are in use, and 


two companies are now preparing plans for a 132,000- 
volt underground line. 

The increases in steam pressures and temperatures 
have been important factors in the improvement of 
the efficiencies of steam power plants. Edison de- 
signed his first New York station for 120 lb. without 
superheat, using single-acting engines, non-condensing. 
At first pressures were increased slowly; by 1910 they 
had risen in the modern American stations to 200 Ib.. 
an increase of only 80 lb. in twenty-eight years; the 
steam temperature had increased to 600 deg. F. During 
the succeeding ten years pressures increased by 100 lb., 
and the steam temperature had increased by super- 
heating to 700 deg. Since 1920 the steam pressure 
has increased rapidly and we have today stations operat- 
ing at approximately 600 lb., with another station 
installing a 1,200 lb. unit and an experimental plant 
operating with 3,200 lb. pressure. 

It must be realized that we have proceeded on blind 
faith in increasing the steam pressure, as until recently 
no scientific research had been undertaken on the ther- 
mal properties of high-pressure steam, and even now 
we have no accurate data on this subject. Results up 
to date have justified the increase, but until reliable 
data are available it is impossible to predict at what 
pressure the maximum efficiency is obtainable. If we 
project the curves from data at hand for lower pres- 
sures, the maximum point seems to be reached at some 
pressure between 800 Ib. and 1,000 lb. 


HIGH TEMPERATURES AND AVAILABLE MATERIALS 


Plants are now in operation with steam at 750 deg. F. 
and satisfactory results are being obtained. However, 
we must proceed very cautiously, as we are approaching 
the maximum temperatures for which suitable materials 
are available, and we must now look for assistance from 
the metallurgists for further advance in this respect. 
Manufacturers cannot agree today on the best material 
suitable for seats and disks for valves for use with 
very high temperatures and as a result we have no 
standard for these parts. 

It has been interesting to watch the development of 
the boiler since the advent of the central station. Prior 
to that time all boilers were of the fire-tube type, such 
as is still found among isolated plants where low pres- 
sures are used. The first central station had water 
tube boilers with cast-iron headers. This type of header 
was gradually displaced in later stations by wrought 
or cast-steel headers. Now, according to the boiler 
safety codes adopted by various states and municipali- 
ties, cast iron cannot be used for over 160 Ib. pressure. 
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The boilers in the early days were fired entirely by 
hand and the tubes were placed close to the fuel bed. 
Contrast these with the automatically fired boilers 
now in service, where the tubes are in some cases 20 ft. 
to 25 ft. above the fuel bed. In some of the enormous 
pulverized-fuel installations this distance of the tubes 
above the bottom of the furnace is in fact considerably 
greater, 

During the early years of the steam turbine very 
little attention was given to improvement in the design 
of the boiler plant, but in the past few years we have 
given to it a great deal of thought. In 1910 automatic 
stokers were coming into use, but hand-fired boilers 
were still the rule. The introduction of the automatic 
stoker, of fuel oil and of pulverized fuel, the improve- 
ment in economizer design and finally the introduction 
of the air heater have enabled us to improve the effi- 
ciency of the boiler room to a point where only a 
slight margin exists between the actual and theoretical 
efficiency. Modern fuel-firing methods have been more 
largely responsible for the great increase in boiler 
efficiency and capacity than have the improvements in 
boiler design and heat-saving devices. It was impos- 
sible to obtain as high efficiency with hand-fired grates 
as is now practical with automatic stokers or pulverized 
fuel. It was only in rare cases that the efficiency of 
boiler plants, without economizers, ever reached 65 per 
cent, and the average was approximately 60 per cent. 
Today we have plants showing 80 per cent to 85 per 
cent, and the average was approximately 60 per cent. 
Approximately 90 per cent may be reached. Tests on 
individual boilers and economizers have shown as high 
as 93 per cent, but naturally test efficiencies cannot be 
maintained in every day practice. 


LIMITATIONS OF STOKER-FIRED BOILERS 


Until within the last few years when pulverized fuel 
was first introduced automatic stokers had usurped 
practically the entire field, and great credit must be 
given to those engineers who were responsible for their 
development. Chain grate, underfeed and overfeed 
stokers all contributed their share to raising the effi- 
ciencies of plants. However, the stoker has its limita- 
tions. The efficiency of a stoker cannot be maintained 
at a high percentage over a wide range of operation; 
at least no stoker has yet, so far as I know, demon- 
strated such flexibility. Another limitation of the 
stoker is that it is not suitable for different kinds of 
coal and a station must therefore be designed for a 
certain grade of fuel, if good efficiency is to be obtained. 
In the Middle West the chain grate has proved to be 
the best type. For anthracite the so-called hard coal 
stoker has been adopted, and for Eastern bituminous 
coals the underfeed type excels any other. In this lack 
of adaptability for different fuels the stoker probably 
suffers its greatest disadvantage. During the war and 
during the coal strikes many stations were compelled 
to use any available coal and some stations were sorely 
pressed to carry the loads imposed upon them. 


BOILER RATINGS OF 730 PER CENT OBTAINED 


Modern methods of firing have not only increased 
the efficiency of the boiler and furnace but have also 
made available a great increase in the steaming capacity 
per square foot of boiler heating surface. From an 
average of 100 per cent rating with hand-fired boilers 
the stoker raised the boiler capacity to 200 per cent 
in early installations, and to 500 per cent and 600 
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per cent in more recent installations. In fact, on a 
recent test, capacities-of more than 730 per cent were 
obtained for short periods. In 1907 a large station 
in the East was constructed having 62,000 boiler-horse- 
power at normal rating for 96,000 kw. of generating 
equipment. This amount of boiler surface would today 
be sufficient for a station having from 700,000-kw. to 
800,000-kw. capacity. Increasing the capacity decreases 
the number of boilers required and therefore lowers 
the fixed charges. A great part of this lowering in 
cost is due to decreasing the building necessary to house 
the equipment. Even with the high generating capacity 
which we obtain per square foot of ground area today, 
our building costs comprise from 25 per cent to 40 per 
cent of the total cost of a station. 

The electricity supply industry is one of the very few 
in the world in which the sales. price of its product 
has steadily decreased while others have advanced. This 
has been accomplished only by making each dollar spent 
do more work than its predecessor. Coal has advanced 
in price, but the increase has been compensated for 
largely by increased efficiency of operation. Labor re- 
ceives high wages today, but in the modern station the 
number of kilowatt-hours produced per employee has 
materially increased. Due to the advance in prices 
of construction materials, equipment and labor, the 
investment costs of stations have rapidly increased since 
1914 and are now approximately twice the pre-war cost. 
In our endeavor to keep down the investment cost we 
have subjected the equipment to much more severe 
service, and as a result maintenance costs have in- 
creased. We must reduce both these items if we are 
to reap the full benefit of the extraordinary saving in 
fuel and labor that we have made in the last few years. 
Sometimes I fear that in designing new plants we very 
often are seeking to obtain lower B.t.u. consumption 
per kilowatt-hour without realizing that we may be 
obliged to pay a higher price for the final result. We 
perhaps cannot hope to reduce the fixed charges to 
pre-war costs, but nevertheless I believe it is possible 
to approach those figures even with the present high 
cost of materials and labor. 


EFFECT OF RAPIDITY OF DEVELOPMENT ON 
POWER STATION DESIGN 


As I said before, my reluctance in prophesying future 
practice is based on the rapidity of developments in the 
last few years. Owing to the rapid advance in the art, 
many stations when completed have not represented the 
last word in equipment, and others have been radically 
changed after the foundations have been started. The 
mercury vapor, or some other cycle, may radically 
alter the design of future stations. The steam turbine 
has been developed to a very high state of efficiency 
and future improvements will probably be limited to 
refinements in design, but I believe the capacity of units 
will be still further increased. In my opinion, the big 
field for development in steam power stations lies in the 
boiler room, and in giving my views as to the trend 
in design of the boiler plant I shall confine myself to 
coal-firing plants in the eastern and central sections of 
the United States, because it is here that the great bulk 
of the power is generated from coal. 

I believe that in the near future all new coal-burning 
stations will use pulverized-coal equipment. This has 
been introduced into large stations only in the last few 
years. In fact, until 1920 no large station was s° 
equipped. Today we find pulverized fuel stations in 
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Detroit, Milwaukee, Cleveland, St. Louis and Pittsburg, 
and the new 700,000-kw. station in New York will be 
similarly equipped. This form of burning provides a 
very flat efficiency curve over a wide range of operation, 
which is desirable in practically all stations. We must 
remember that so-called base load plants have base loads 
only for today; tomorrow they will be excelled by sta- 
tions required to carry the increased load and the load 
factor of the earlier station will drop very rapidly. 
Stations are not built to operate for a year or two; 
they must operate for many years in order to justify 
their investment, and it is over such period that we 
should base our calculations. Pulverized fuel affords 
a very flexible means of firing. With the automatic 
control that is now available, variations in load are 
taken care of very easily and with a minimum of atten- 
tion. The operator does not worry about the condition 
of a fuel bed, nor is it necessary for him to prepare 
his fire long before the peak load comes on. 


NEW DESIGN IN BOILER HOUSE CONSTRUCTION 
NECESSARY 


The application of pulverized fuel is new in power 
plants, and as a result we must forget our old ideas of 
boiler house construction. We must discard what has 
been done in the past and start anew. The size of the 
boiler house must, and will be, materially reduced in 
volume if we are to reap the benefits made possible by 
pulverized fuel. In fact, a plant is now being erected 
abroad where the height of the boiler house is only 
40 ft. Contrast this with heights of 100 ft. to 150 ft. 
such as are common in our present plants. 

With the advent of pulverized fuel into the boiler 
plant, new impetus was given to the study of furnace 
design. This subject had already begun to receive 
attention due to the severe service imposed upon the 
furnaces by the high efficiencies and capacities at which 
they operated. To demand more from them meant 
radical changes, if the already excessive furnace main- 
tenance costs and the number of boilers out of service 
were to be reduced to reasonable limits. 

The furnaces of boilers built some years ago were 
very small and generally repairs could be made over 
the week-end, but this is not the case with the modern 
large furnace built of refractory walls. It is common 
today to see a large boiler out of service for several 
weeks on account of the rebuilding of the walls. Taking 
into account the cost of the boiler, furnace burning 
equipment, economizer or air heater, piping, fans, ducts 
and building, this results in tying up an investment 
that easily may run into several hundreds of thousands 
of dollars. 


WATER-COOLED FURNACE WALLS REQUIRED 


It has been apparent for the last few years that the 
limit of refractory materials for modern furnaces has 
been reached and resort must be had to other materials. 


The air-cooled wall had proved a temporary expedient 
for pulverized fuel, but owing to the erosive effect of 
the fuel, it soon reached its limit. Refractory material 
has a melting point only slightly higher than the tem- 
perature of the furnace and at furnace temperature 


its strength is greatly reduced. Engineers who have 
Visited the important stations in this country and in 
Europe agree that the most serious cause of boiler 
outuve is furnace maintenance. The only logical method 
of protecting furnace walls is to have them water cooled. 
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Prior to 1923 a satisfactory design had never been 
developed, and in some cases where they were used 
disastrous accidents had occurred. 

In 1923 three boilers were erected with marked suc- 
cess at the Hell Gate station with water-cooled side 
walls of a new design, and very exhaustive tests were 
conducted upon them. The results showed as high effi- 
ciency as had ever been secured on stoker-fired units 
and the capacity was far in excess of anything pre- 
viously attained. The boiler was run up to 600 per cent 
of rating and this limit to its capacity was the result 
of lack of induced draft fan capacity. On recent tests 
of another unit 730 per cent has been reached and it is 
not improbable that 800 per cent. or higher may be 
attained. Even with these extreme overloads no tube 
has ever been damaged and the original tubes are still 
in service after two years of operation. It has been 
found unnecessary so far to clean the side wall tubes, 
as apparently, due to the rapid circulation, no scale 
forms in them. 

As a result of this installation and also of that in 
another station where pulverized fuel is used, I predict 
that the furnaces of future boilers will be entirely water 
cooled. This may seem to be a radical statement to 
make considering our ideas of a few years ago when, 
because of our fear of reducing the furnace tempera- 
ture, we endeavored to hide the tubes from the radiant 
heat of the fire. Designs are already completed for a 
number of boilers where no brickwork or refractory of 
any kind will be exposed to the high-temperature of the 
furnace. I firmly believe that we shall thus obtain the 
maximum efficiency and I know that the boilers will be 
always available so far as the furnace is concerned. 
Outages for furnace maintenance will be a thing of 
the past. 


FURNACE SIZE May BE REDUCED 50 PER CENT 


I also expect to see a great reduction in the size of 
the furnace. The stoker was first responsible for the 
increase over the old hand-fired setting, and then came 
the pulverized-fuel boiler with its large furnace. This 
increase has been so great that the cost of brickwork 
and casing equals or exceeds the cost of the boiler and 
superheater in some insiallations. Design in the next 
few years will be concentrated on this very important 
problem and I believe we shall be able to reduce furnace 
dimensions by at least 50 per cent. 

Now comes the question of the design of the boiler 
itself. We have learned only in recent years how to 
make economical use of the heating surface in boilers. 
As recently as 1910 the heating surface required per 
kilowatt of capacity in our stations ranged from 8 sq.ft. 
to 10 sq.ft. According to recent information compiled 
by one of our associations, we are using now only from 
1 sq.ft. to 2 sq.ft., with one station having even slightly 
below 1 sq.ft. The boiler of the future will have very 
much less surface and will probably not exceed | sq.ft. 
per kilowatt of generating capacity. In fact, I expect 
boilers will operate at from 1,000 per cent to 2,000 per 
cent of rating. This will be possible with pulverized 
fuel, water-cooled walls, and the tubes in the boiler 
proper reduced to probably not over four rows. The 
resultant flue gas temperature will be considerably 
higher than in the present practice, but this heat will 
be reclaimed by air heaters, which will furnish highly 
preheated air to the coal burners. The air heater will 
in the future largely displace the economizer as a heat- 
conserving device. 
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Reliability the Primary Element—Conservative Pressures and Temperatures Used—Low 
Steam Velocities Are Advocated—Use Separate House Turbines Instead of Main Shaft 
Generators—Skeptical About Reheating 


Station Design in Germany 


By Dr. G. KLINGENBERG 
Berlin, Germany 


neering development and the design of a large 

power station that criticism of the latter can be 
based only on the condition of the former at the time 
when the work was taken in hand. Engineering prog- 
ress in all subjects, but primarily on all questions of 
heat economy, has been remarkably rapid during the 
last few years and consequently what may be accepted 
as correct today need not necessarily be considered 
gxood practice in five or ten years. Looking backward, 
this becomes evident when comparing present designs 
with those carried out a few yeas ago. In putting 
down here my opinions on power-station design in 
Germany, I ask that this viewpoint should be borne 
in mind. It is by no means unlikely that the designs 
I am preparing at the present moment I myself may 
have to alter for prospective work in the near future. 

It is fortunate that I am in a position just now to 
give expression to my views in connection with a 
practical instance—namely, the design of the large 
Rummelsburg power station in Berlin. The principles 
developed in the following will all be applied in the con- 
struction of this power station. 

When finally complete, the Rummelsburg power sta- 
tion will have an installed capacity of 500,000 to 600,000 
kw. The first layout comprises three generating sets, 
each with a capacity of 70,000 kw. (100,000 hp. in the 
steam portion) and three feed-heater turbines, each 
for 10,000 kw. 

The design of modern power stations is determined 
in the first instance by the steam temperature and the 
steam pressure that are adopted. Not long ago a steam 
temperature of 350 deg. C. at the steam turbine was 
exceeded only in exceptional cases; today there is no 
objection to a temperature of 400 deg. C., provided 
proper material is selected for the blading and the 
velocity of the steam is low, whereby conditions of 
operation may occasionally make it impossible to pre- 
vent this limit of temperature from being exceeded. 
There is no inclination in Germany to _ introduce 
higher temperatures even if very low steam velocities 
are allowed. This is due to the very sound position 
that “chasing calories” is not so important as reli- 
ability. Having thus determined the initial steam 
temperature, the upper limit for the steam pressure 
is fixed in conjunction with the steam velocity and the 
amount of moisture that is still permissible in the low- 
pressure part of the turbine. This maximum steam 
pressure at the boiler is about 500 lb. per square inch 
(35 atm.), corresponding to a steam temperature at the 
boilers of about 415 deg. C., which means that the 
steam in the last stages of the turbine contains about 
10 to 15 per cent moisture, a figure that in Germany 
is still considered permissible when steam velocities 


[orn is such a close connection between engi- 


are low. It appears to me that in this connection the 
adoption of low steam velocities calls for particular 
attention; it has now become almost universal practice 
in Germany following the example of the “Briinner 
Maschinenfabrik.” 

The limit for steam pressure—namely, 500 lb. per 
square inch—applies of course only on the assumption 
that there is no reheating. 

As is very often the case, simultaneous engineering 
development in different directions has been combined 
to produce engineering progress. On the one hand it 
has been recognized that with proper material for 
blading higher steam temperatures are permissible and 
on the other hand that with low steam velocities the 
danger accompanying wet steam can be reduced consid- 
erably. It remains to be added that a careful study of 
the currents of steam in the turbine has resulted in 
greatly improved thermal efficiency. 


DISCUSSION OF HIGH PRESSURE 


Having decided that, apart from reheating, 500 lb. 
per square inch is the practical limit for steam pres- 
sure in Germany at the present moment, the question 
arises whether it is advisable to adopt this steam 
pressure in all cases. This is a matter that can be 
decided only by calculating the economy in each par- 
ticular case. The basis for an investigation of this 
kind I have outlined in Chapter VI of the new edition 
of my book “Bau grosser Elektricitatswerke.” The 
remarks I have made there are also based to a certain 
extent on American publications, particularly papers by 
Mr. Orrok (page 347). 

The greater the capacity of the power station and 
the higher the load factor the greater the benefit from 
higher steam pressures, because the thermal gain is 
more largely in excess of the addition financial charges 
on the undertaking due to the higher capital outlay 
necessarily entailed on account of the higher pressure. 
When the thermal gain is offset against the additional 
capital charges, it is very frequently proved for 
medium-sized and small power stations in Germany 
that an increase of the steam pressure above 360 lb. 
per square inch (25 atm.) is not advisable at present. 
This is, however, by no means final, as high-pressure 
problems are still in the development stage also in 
Germany. For the Rummelsburg power station a com- 
parison of the economy showed that the pressure 0! 
500 Ib. per square inch adopted for the boilers offers 
sufficient thermal advantages to justify its adoption 
from an economic standpoint. A pressure of 500 lb. is 
about the limit for which boilers can now be made 
without changing principles in their design. The con- 
struction of the pipework and other apparatus also 
presents no particular difficulties at this pressure. '' 
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was therefore decided to adopt 500 lb. per square inch 
steam pressure for this power station. 

The question of reheating the steam is still regarded 
in Germany with a fair amount of skepticism. No 
doubt exists as to the obtainable thermal advantages, 
but it is believed that a large part of this gain is 
absorbed by the financial losses (interest, amortiza- 
tion, repairs) due to the higher capital expenditure; 
what one is very much afraid of is that the increased 
complication of the plant is accompanied by reduced 
reliability. The experience in the United States with 
reheating is watched with great interest, but comments 
such as chasing calories, an expression already cited, 
are frequently heard in connection with reheating even 
from there. I do not doubt that very valuable pioneer 
work is being done in this direction in the States, but 
it is premature to say that Germany will very soon 
adopt reheating. 

The above remarks refer only to works for the supply 
of power where the steam serves no other purpose. 
In the case of power stations where large quantities 
of steam are also supplied for other purposes (boiling 
and heating), as for instance in the chemical industry, 
it is considered advantageous in Germany to adopt 
much higher pressures than those referred to above; 
there are installations in preparation where pressures 
up to 1,400 lb. per square inch (100 atm.) will be used. 
However, it is not intended to discuss these plants. 


Use No MAIN UNIT BLEEDING 


In new power stations it has become general prac- 
tice to heat the feed water by tapping steam from the 
turbines. Aiming at the maximum thermal efficiency, 
schemes were first devised with three or four taps for 
this purpose; lately, however, this process has been 
abandoned and the number of taps is generally reduced 
to two for the sake of simplicity. Where it is a matter 
of very large turbine installations, such as that for 
the Rummelsburg power station, I prefer not to tap 
the main turbine, in order to insure greater reliability. 
Steam for feed-water heating is obtained instead from 
separate feed-heater turbines, the size of which is made 
to suit exactly the amount of steam required for heat- 
ing the whole quantity of feed water. These smaller 
turbines are of course high-speed machines (3,000 
p.m.) which are comparatively simple and cheap; 
their output is added to that of the power station, con- 
sequently the capital expenditure per kilowatt is not 
appreciably raised. 

In order to keep the cost of the building low I place 
the feed-heater turbines in a low annex between the 
boiler houses and not inside the main engine room; 
the space per kilowatt inclosed by buildings is not very 
much greater. The annex also contains the boiler feed 
pumps and the evaporating plant; the process of evap- 
oration and feed heating partly takes place in the same 
apparatus. Thus the whole of the plant for exhaust 
steam supply, feed-water heating, evaporation of make- 
up water and feed-water pumping is combined and 
housed together under a common control. The feed- 
heater turbines, being an entirely independent source 
of power, take the place of house turbines. However, 
as their capacity is much too large for the necessities of 
a power station, the surplus energy is supplied to the 
main busbars. Arrangements are made, of course, to 
disconnect the alternators of the feed-heater turbines 
from the busbars in the case of a busbar defect or a 
Violent drop in pressure; the house service will then 
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remain undisturbed. The protective devices for insur- 
ing separation from the busbars are duplicated in the 
Rummelsburg power station. 

By adopting this process it may seem that an im- 
portant advantage is lost in connection with the 
delivery of steam from taps on the main turbines— 
namely, the reduction in the volume of steam in the 
low-pressure stages, and therefore shorter blades and a 
smaller condenser. A comparison of the total outputs 
of the two alternatives in connection with the design, 
however, will show that no advantage can be derived by 
tapping. In my proposal there is a 70,000-kw. set 
with condensing plant and a 10,000-kw. feed-heater 
turbine, as against an 80,000-kw. set with taps; the 
total output is therefore the same in both cases. The 
units are, however, in any case of a size for which 
the low-pressure part must necessarily be split up into 
two cylinders, which means that the blades are of a 
convenient length whether steam is tapped or not. 
Moreover, the omission of tappings makes the plant 
more reliable in operation and in addition enables the 
adoption of an exceedingly simple and convenient base- 
ment, in which now there is nothing but the condensers, 
the plant for cooling the air circulating through the 
alternators and the very short live steam pipework. 
Furthermore, it becomes possible to move the turbine 
foundations very close together; consequently the width 
of the engine room is appreciably reduced without 
affecting the convenient accessibility of all parts. 

The disadvantage referred to above is more of a 
problematical nature; it is of interest to the steam tur- 
bine designer who is confronted with the question of 
designing a steam turbine of a certain size. When the 
feed-heater turbine is looked upon as a part of the 
main turbine, then the output of the complete unit, 
in the Rummelsburg power station, for instance, is not 
70,000 kw. but 80,000 kw. and the length of the blades 
and the size of the condenser for a tapped turbine of 
the latter output would be the same. 

In pursuance of the general idea, the cooling water 
pumps and the air and condensate pumps were 
removed from the condenser basement and housed in 
a separate building, which also contains the grids and 
strainers for mechanically cleaning the cooling water; 
thus a compact and convenient arrangement is pro- 
vided for the operation of the whole of the cooling 
water supply, and water ducts in the engine room are 
avoided, an important advantage. 


BOILER HOUSE DESIGN 


It has always been my endeavor to construct a boiler 
plant with a properly designed combination of boilers, 
economizers, air heaters and chimneys. The whole of 
this plant should be inclosed together (in brickwork 
or sheet iron), but without reducing the accessibility, 
and with a short connection to the iren chimney which 
constitutes an immediate continuation of the last flue 
after the air heater. What I want to do is to reduce 
the height of the boiler houses as far as possible, 
because their cost, apart from being proportional to 
the ground area that is built over, rises much more 
rapidly with the height of the building; this is a vital 
point. Under present-day circumstances and the high 
capital expenditure entailed it is essential to obtain the 
maximum possible output from every square foot. of 
area covered by buildings. This is one of the condi- 
tions leading to fairly large boiler units. The upper 
limit in size in Germany for boilers is about 22,000 
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sq.ft. (2,000 sq.m.) heating surface; it is for the 
moment not possible to manufacture drums out of one 
block in lengths of more than 33 to 40 ft. (10 to 12 m.). 
The question as to which is the more practical type of 
boiler, sectional or vertical tubular, has not yet been 
definitely decided; there is, however, every evidence 
of the increasing popularity and use of vertical tubular 
boiler, the original difficulties in design having been 
overcome. Vertical tubular boilers present no special 
manufacturing difficulties for pressures up to the limit 
of 500 Ib. per square inch. It must be remembered, 
however, that the greater number of drums that are 
required will no doubt very appreciably affect the price 
of this type of boiler for still higher pressures. 


PULVERIZED FUEL POPULAR 


The use of pulverized fuel is regarded with increas- 
ing favor. With regard to the design of combustion 
chambers and burners the American practice, on the 
whole, is still being followed in Germany—namely, 
ordinary types of boilers are used in conjunction with 
furnaces of special design. I cannot, however, believe 
that this solution is final; in my opinion, special types 
of boilers will be designed in which the boiler proper 
surrounds the combustion chamber. This will reduce 
the total height and also the large amount of brick- 
work for the furnace. A good start in theeright direc- 
tion has already been made in the Bettington boiler, 
which, however, is only suitable for small units. The 
general advantages of pulverized fuel are fully recog- 
nized, but what is valued more particularly in Germany 
is the fact that one is not very dependent on the quality 
of the fuel. Most power stations in Germany have to 
obtain their coal from different mines and there is a 
frequent change, so that the quality of the coal varies 
considerably. In this respect the burning of pulverized 
fuel is much less sensitive than any mechanical stoker. 

This circumstance, however, necessitates special 
arrangements in the plant for preparing the fuel. Asa 
rule the coal contains from 2 to 12 per cent moisture, 
in exceptional cases 20 per cent. It is therefore almost 
impossible in Germany to mill coal that has not been 
dried beforehand. This is the reason we must give 
much greater attention to drying plant and to its adapt- 
ability to various conditions of moisture than is gen- 
erally necessary in the States. In a few cases drier 
drums for direct heating have been made in Germany; 
they are similar in design to the drums frequently 
used in cement works, and the American designs are 
similar. This type of drum will probably soon disap- 
pear again in view of the above-mentioned properties 
of German coal. No attempt has yet been made to dry 
the coal with the flue gases from boilers and I do not 
think this method of drying will be successful. Other 
means are more hopeful. In the German brown coal 
industry, which is highly developed, a drum has been 
in use for many years for drying by means of exhaust 
steam. This is an excellent process that can also be 
used successfully for drying bituminous coal even with 
content that varies greatly in moisture. All that is 
required is to transfer this process to power stations 
burning black coal. Compared with all other known 
systems, the driers are small, efficient and cheap. Oper- 
ation is very simple—viz., the adjustment of a steam 
valve. Steam for drying is taken from one of the 
stages of the turbine at a pressure of about 28 Ib. per 
square inch (2 atm.) and the condensate is passed back 
into the feed-water system of the station. 
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The Rummelsburg power station is perhaps the first 
to be equipped with this type of drier. There is no 
vertical transport of the coal, as with driers for direct 
heating; it is light and compact and can therefore find 
room immediately underneath the bunkers. 

The question as to which is the most practical coal 
mill is still the subject of much discussion. All kinds 
of systems are being tried; they mostly aim at large 
capacities and a small number of mills. Tubular mills 
have been successful for pulverized coke dust, a by- 
product of gas works, with a bad market, but to which 
some importance attaches in Germany. 

Strenuous efforts are being made to develop the use 
of byproducts. There are two processes: complete 
gasification, producing tar and gas only, and _ tar- 
distillery, producing coalite in addition to tar and gas. 
The former process is being developed for coke ovens 
and gas works, but it is too early to predict whether 
it will ever be of any importance for the generation of 
power. I believe that tar distillation is very promising, 
particularly in conjunction with electric power stations, 
because here the coalite obtained can find its most eco- 
nomical use. In connection with every process of 
gasification for power production there is the disadvan- 
tage of having to use the main product, gas, in the 
quantities in which it is produced immediately, because 
accumulation of gas is too expensive. One must either 
adapt the production of gas to the consumption of elec- 
trical energy or use it for the base load only and employ 
another process for developing the fluctuating energy 
above the constant part of the load curve. The two 
alternatives are equally inconvenient and the first one 
requires a high capital expenditure. These objections 
do not exist in the case of tar distillation. It can be 
operated continuously, the gas produced is of a high 
quality, its quantity is probably small and it can be 
used either in the power station—for example, for 
heating the distillery plant—or in gas works in the 
neighborhood; on the other hand, the quantities of 
coalite available will always be sufficient to meet the 
requirements of the electrical demand. Another impor- 
tant point seems to me to be that, for the present at 
any rate, the tar, which. is obtained as low-temperature 
tar, is of a greater inherent value than that obtained 
by the gas process. 


TAR DISTILLING IMPORTANT 


In Germany the question of tar distilling is of spe- 
cial importance, because of the possibility of employing 
it for developing the deposits of brown coal. Today 
this kind of fuel must be used near the spot where 
it is mined unless it is made into briquets. The process 
of the Kohlenveredlungs-Gesellschaft has already shown 
practical results equal to those obtained in the labora- 
tory; the way is therefore now open in Germany for 
the construction of a tar-distillery plant in conjunction 
with brown coal quarries; the byproducts will be dis- 
posed of and the coalite obtained will be supplied to 
industrial concerns and to power stations with their 
own milling plant. It seems preferable to pulverize the 
coke at the place of consumption, the more so since 
there is no objection to its transportation in ordinary 
covered trucks. 

Bituminous power stations are, however, also to be 
equipped with a tar-distillery plant; it is simple and 
cheap and can be operated continuously at its full 
capacity, and the byproducts obtained, as a rule, make 
it economically profitable. In passing, it may 
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observed that as regards public economy this question 
is of the greatest importance to Germany, a country 
separated entirely from its own oil fields. 

Some technical figures on the Rummelsburg power 
station follow; they will no doubt be of interest in 
this connection: 

Boiler Plant.—Sixteen boilers, housed in two boiler 
houses, each with a heating surface of 17,000 sq.ft. 
(1,600 sq.m.) and in addition 1,600 sq.ft. (150 sq.m.) 
heating surface for cooling in the combustion chamber. 
Normal steam production per boiler about 65 tons, 
maximum about 77 tons, feed-water heating by means 
of exhaust steam to a temperature of about 140 deg. 
C. There will be no economizers at present. Heating 
of the combustion air by means of plate air heaters 
to a temperature of about 150 deg. C. Area covered 
by one boiler house 30,500 sq.ft. (2,861 sq.m.), or 
59.0 sq.ft. (5.5 sq.m.) per ton of steam, all boilers in 
the boiler house being in commission. Cubical space 
inside one boiler house 2,670,000 cu.ft. (75,830 cu.m.). 

Steam Turbines.—Three steam turbines, each for an 
eutput of 70,000 kw., divided into two units, each for 
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35,000 kw. and 1,500 r.p.m., with one high-pressure 
and medium-pressure unit and one double-cylinder low- 
pressure unit. The steam pressure at the turbines is 
486 lb. per sqyare inch (32.5 atm.), steam temperature 
400 deg. C. ‘The steam expands in the high-pressure 
part to about 200 Ib. per square inch absolute (14 
atm.), and in the medium-pressure part to about 33 Ib. 
per square inch absolute (2.3 atm.). The latter is the 
pressure at which the steam enters the two cylinders 
of the low-pressure unit. The buildings of the main 
engine room cover an area of 38,000 sq.ft. (3,546 sq.m.) 
or 1.82 sq.ft. (0.169 sq.m.) per kw. The cubical 
space surrounded by the building of the engine room is 
2,730,000 cu.ft. (77,313 cu.m.). 

Electrical Data.—The pressure of 6,000 volts at the 
generator terminals is immediately raised to 30,000 
volts in two three-phase transformers, each for 44,000 
kva. The phases on the 30,000-volt side are separated 
in the switch plant. The energy is distributed by 
cables. 

[EpiItor’s NoTE: The Rummelsburg station is built 
according to the design of Dr. Klingenberg.] 
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pairs are all of lesser importance; 

and it is generally accepted that such considerations are 
secondary to the ability of the auxiliary drives to serve 
the main unit continuously without interruption and as 
nearly as possible to have a negligible effect on the 
availability of the main unit. 

Steam units have always been considered as the 
standard for reliability, and higher efficiency small tur- 
bines are now available which considerably reduce the 
economical advantage of the plant that heats its feed 
water by extracting steam from the main unit. How- 
ever, there are still sufficient advantages in favor of 
electrically driven auxiliaries to cause the majority of 
me power stations to depend practically entirely on 
them, 

The full-voltage starting motor has had a beneficial 
effect in simplifying electrical equipment and in increas- 
ing the reliability of electric drives. The present ten- 
dency is decidedly toward the general use of an aux- 
iliary or shaft end generator. 

The auxiliaries of many large units installed recently 
are thus supplied from a source of power electrically 
Separated from the main unit. As these auxiliary 
generators are dependent upon the main unit for 
mechanical drive, any disturbance, such as tripping 
of the throttle due to overspeed, affects them also. Such 
layouts in modern stations are frequently protected by 
automatic throw-over devices, which transfer the aux- 





the auxiliary drive would be. This 
is one of the disadvantages of the spinning house gener- 
ator; because, to function properly, it is necessary for 
the governor valve to open and for at least one or two 
relays to operate. Four or five are necessary in order 
to protect the machine from being overloaded or from 
overspeeding in case of line disturbances. As units in- 
crease in size, greater care must be exercised in start- 
ing them. 

One of the advantages of a house turbine is the 
ability to start up a station without operating a main 
unit non-condensing in case of trouble to the trans- 
mission system. 

The recent development of highly efficient condens- 
ing and non-condensing units of 2,000-kw. to 4,000-kw. 
capacity having steam consumptions of a few per cent 
higher than that of the main unit has made available 
a source of electric power that is both mechanically and 
electrically separate from the main unit, and this at 
only a very slight loss in station efficiency. 

If the complication is warranted, such an auxiliary 
unit can be provided with its own condensers and 
bleeder heaters. However, the additional expense of 
this arrangement, especially considering the small con- 
denser, which must be kept clean and free from leaks 
and must be supplied with a full set of auxiliaries or 
else be dependent upon those of the main unit, seems 
to indicate that the simplest arrangement would be to 
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absorb the heat in the exhaust steam from such a unit 
in the condensate in the plant heater or de-aérators. No 
additional auxiliaries would be required; and in case 
of trouble to the main unit, the auxiliary unit will 
discharge its exhaust to the atmosphere while the dis- 
turbance lasts. 

The illustration herewith shows tne Rankine cycle 
efficiency ratios of a 2,000-kw. condensing and non- 
condensing unit and a 4,000-kw. condensing unit com- 
pared with a 40,000-kw. main unit. Nozzles on these 
small units may be designed so as to give efficient opera- 
tion at whatever load is desired. 

Until the advent of the auxiliary or shaft end gener- 
ator most large units were equipped with a direct- 
connected exciter. The addition of an auxiliary 
generator and an exciter makes a very long main unit, 
so that in several cases motor-generator sets or duplex- 
driven exciters are used with the auxiliary generator. 
Where the house generator is installed, the direct- 
connected exciter may still be used, so the circulating 
pumps are then the only electrically driven auxiliaries 
that cannot stand a short interruption to the supply of 
current to the motor. 

The speed of circulating pumps on large units is so 
slow that geared duplex-driven units would be neces- 
sary. The pole-changing squirrel-cage motor for driv- 
ing the circulating pump permits of the operation of 
two motors at all times, even at light loads, with a 
relatively small consumption of power. 


USE OF DUPLEX UNITS 


Practically all large units have been equipped with 
duplex auxiliaries. This has resulted in a reduction in 
the capital cost per kilowatt-hour generated, on account 
of the greater availability of the main units and a 
consequent reduction in the amount of spare capacity 
required. 

Probably one of the most common causes of trouble 
with the electrically driven auxiliaries has resulted 
from protecting what may be a high-priced motor, over- 
looking the much greater loss that may be caused by 
an interruption to the main unit. If motors driving 
essential auxiliaries are protected only against internal 
trouble, a considerable improvement in station opera- 
tion will result, even though an auxiliary motor is 
occasionally burned out 

Many of these electrical relays are complicated de- 
vices, carrying extremely small currents, and it some- 
times requires two or three relays in order to protect 
a large motor, the failure of any one of the links 
causing an interruption to this auxiliary. 

It is essential that generators supplying current to 
essential auxiliaries have their individual exciters. 
Where such generators are operated lightly loaded and 
in case of emergency will have to pick up a large load 
automatically, either the excitation must be adjusted 
automatically when the load is dumped on the machine 
or the field must be adjusted to carry such a load at 
all times. 

The two main elements entering into the cost of 
power are the fuel, which is directly affected by the 
efficiency, and the carrying charges on the investment. 

In numerous stations large amounts of money have 
been spent in complicated controls, upon which a hand- 
some return may be earned in case high-priced fuel is 
burned; whereas an increase in the cost of power will 
result if the same type of equipment is installed in a 
plant burning low-priced fuel. In this latter case a 
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simplification of the equipment can frequently be made 
by the use of dampers or throttling devices on control 
equipment, which will result in greater reliability. The 
use of two simple motors of different sizes to take the 
place of a single more expensive one will frequently give 
practically the same efficiency at the same initial cost. 
and in addition provide two drives for the auxiliary. 

Where service requirements are most important, it 
is a mistake to install a synchronous motor that may 
not be capable of being restarted during a period of low 
voltage. 

From the present popularity of motor drive it would 
appear that it will continue to be the main source of 
auxiliary drive. However, being in the hands of opera- 
tors familiar with this type of equipment, it should be 
installed with fewer automatic devices and simplified 
control, thus reducing the number of parts to maintain 
or to get out of order and give trouble. 

It would also appear that two separate sources of 
power for duplicate auxiliaries, one of which is neither 
electrically nor mechanically interconnected, need not 
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ESTIMATED RANKINE CYCLE EFFICIENCY RATIOS 
OF MODERN STEAM TURBO-GENERATORS 


Curve 1—2,000-kw. thirteen-stage condensing unit, 

Curve 2—2,000-kw. ten-stage unit designed for operating at 30 
lb. absolute back pressure. 

Curve 3—2,000-kw. eleven-stage condensing unit. 

Curve 4—2,000-kw. single-stage unit operating at 15 Ib. absolute 
back pressure. 

Curve 5—4,000-kw. thirteen-stage condensing unit. 

Curve 6—40,000-kw. condensing unit. This curve is referred to 
the lower load scale. 


All condensing units are designed to operate against a_ back 
pressure of 1 Ib. absolute. The steam conditions for the 40,000-kw. 
unit are 300 lb. gage, 250 deg. steam; and for all of the other 
turbines, 275 lb. gage, 200 deg, steam. 





complicate the station layout. No automatic devices 
will be required to function. 

The auxiliary ‘generator appears to be best adapted 
for service in stations feeding a great number of small- 
capacity lines, in which the trouble occurring on the 
feeder can be limited to a certain section of the plant. 
In plants having only a few units, or in larger plants 
supplying high-capacity transmission lines, external 
trouble is more apt to be communicated to the whole 
station; and it is in this latter class of plants that the 
most reliable source of power supply for the auxiliaries 
is demanded. 

Although numerous studies have been made on the 
amount of electrically driven auxiliary equipment in- 
stalled and of the types of apparatus available, as yet 
no general study has been made of the troubles with 
various types of electrically driven auxiliaries. Such 
a study of the major plants in the country having elec- 
trical drives should indicate where the weakness in the 
present systems is and what steps are necessary [0 
place electrically driven auxiliary equipment on the 
same footing, from the standpoint of reliability, with 
the steam-driven auxiliaries. 
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How the Load Dispatcher of the Consumers’ Power Company Divides and Adjusts Loads 
for Economical and Reliable Operation, Anticipates Disturbances and Presectionalizes 
System, Isolates Trouble and Restores Service 


Operating a 
Fully Interconnected System 


By ALLEN M. PERRY 
Western Editor ELECTRICAL WORLD 


in electric service facilities, permitting the most 

economical generation and distribution, extending 
service facilities and increasing reliability of service, 
more and more utility companies are interconnecting 
generating stations and systems. Under normal con- 
ditions interconnection will give all these advantages 
and more, but if extensive transmission lines are 
exposed to lightning, sleet, wind and the failures that 
unavoidably occur from time to time, many of the 
advantages will be sacrificed, in part at least, unless 
there is careful operation of the system. Companies 
that have not yet developed interconnection to the 
point where it allows paralleling of all plants and 
flexible sharing of loads for economical and reliable 
operation may therefore profit from the system oper- 
ating methods of the Consumers’ Power Company of 
Michigan—a pioneer in high-tension transmission and 
interconnection—which has shown by accomplishment 
what it can do under adverse as well as under normal 
conditions. 

The Consumers’ company has more than 1,700 miles 
of interconnected transmission lines, of which more 
than 600 miles is 140-kv. line (ungrounded), and forty- 
four steam and hydro plants aggregating 250,000 kw., 
all operated in parallel for flexible and efficient sharing 
of load and providing reliable service to nearly 200 
communities spread over 24,000 square miles. It oper- 
ated the steam component of this combined system in 
1924 with a system fuel economy of 21,249 B.t.u. per 
kilowatt-hour (the most efficient plant is designed to 
generate a kilowatt-hour on 14,000 B.t.u.). At the same 
time the company utilized the stream flow of seven 
rivers with practically no wastage of water except for 
that which could not be economically developed anyway, 
in spite of the fact that there is very little storage 
capacity in the various dams. Despite the extent of 
its transmission, the 140-kv. line failures over four 
vears averaged only 2.19 per 100 miles per year exclu- 
sive of failures due to an unusual sleet storm and an 
old type of insulator and hemp-core cable, which are 
rapidly being removed. These line interruptions 
have not been reflected in service to communities, 
because of ‘the flexible switching arrangements and 
strategic location of generating stations. Voltage 
‘erulation to communities has been maintained at a 
high value—namely, 99.6 per cent in the average city 
and 86.3 per cent in suburban districts. With the 
lowest stream flow this summer in forty-five years the 
company has been able to maintain complete service 
without cutting off any users. For these and other 
operating, engineering, commercial, financial and pub- 


fe the purpose of reducing the unit investment 


lic relations achievements the Consumers’ Power Com- 
pany received the Charles A. Coffin prize last June. 

While some parts of the system were inherited from 
the antecedent components, the welding of these into 
a unified system and layout of new plants and lines 
(shown by the accompanying map) indicate how 
closely the engineering department works with the 
operating department in furnishing an operable sys- 
tem. In general, there is a 140-kv. backbone to the 
system in the shape of a huge U, stretching downward 
from water-power plants on the west side of the state 
across the lower part of the state and up the eastern 
side to water powers there. The west side is 30 cycle 
and the east side 60 cycle, the two being tied together 
at Battle Creek and Kalamazoo by frequency changers 
with a combined rating of 15,000 kw. This trunk line 
runs in close proximity to the larger cities of the state 
where there are steam plants serving as reserve dur- 
ing high-water periods and to back up the hydro in 
low-water periods. Eventually there may be one or 
more 140-kv. ties across the U-shaped backbone to 
enable still greater flexibility of operation. 


PROVIDING AN OPERABLE SYSTEM 


Frequent sectionalizing points with well-distributed 
generating stations make it possible to pre-isolate sec- 
tions when disturbances are expected, to avoid their 
affecting the entire system. Normally, however, the 
entire system is operated in parallel, relays being 
depended upon to isolate sections in which unexpected 
disturbances occur. At present the total installed 
steam-generating rating is a little more than the hydro 
rating, consisting of 129,000 kw. in ten stations com- 
pared with 106,000 kw. in thirty-four hydro stations. 
There is also available almost 14,000 kw. from other 
companies. As much as 85 per cent of the output hag 
been developed on hydro power during high water, but 
during low water the percentage drops to 35 or 40 
per cent, giving an average during 1924 of about 54 
per cent. Because of the flexible operating conditions, 
it is considered necessary to keep reserve capacity on 
the system equivalent only to the largest unit in oper- 
ation. By having two and sometimes more transmis- 
sion lines coming into the major cities or centers of 
load from different directions, any local steam reserve 
that must be maintained in readiness for service can 
be kept very low. This is particularly true because 
the chief steam plants that make up the difference 
between hydro generation and total load are situated at 
Saginaw, Battle Creek and Grand Rapids. 

Having so many stations and switching points and 
serving so many communities, the Consumers’ Power 
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Company has found that most reliable and economical 
system operation can be obtained only by vesting in 
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state near the load center of the system and approxi- 
mately half way between the eastern and western divi- 





sions. 

As the load dispatcher has more authority than 
in most systems, some of his duties will be cited. H, 
designates the. load each station (hydro and steam) 
shall carry, the number of turbines and boilers that 
shall be used with the division of load, which boilers 


one man—the “load dispatcher’*—the jurisdiction of 
every phase of station and transmission line operation 
that will affect service reliability or economy. He is 
situated at Jackson, in the south central part of the 
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MICHIGAN SYSTEM IS FULLY INTERCONNECTED AND OPERATED IN PARALLEL 
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to bank, and when units shall be placed in readiness 
for load. With changes in operating conditions he 
specifies what adjustments of loads shall be made. He 
supervises patrol of lines, must be familiar with avail- 
ability of station and line equipment for service, and 
pre-arranges for cutting out equipment for attention. 
Serving as the clearing house for advance information 
on approaching storms, he prepares the system for 
disturbances, and if any interruptions do occur, he 
supervises the restoration of service. No switching 
can be done without the order of the load dispatcher 
except under special rules after serious trouble develops 
or when safety of life may demand it. 


To enable the load dispatcher to handle all these 


duties and others connected with them, when emer- 
gencies demand quick action, he is provided with two 
associates, called “chief operators’—one located at 
Grand Rapids, supervising the western part of the 
system, and another at Saginaw, governing the eastern 
part. This leaves the southern division plus general 
supervision to the load dispatcher at Jackson. 

The best load dispatchers come up through the ranks 
and are men who have had experience in steam and 
hydro plants, substations, on transmission lines, and 
in electrical repair and maintenance. Promising men 
are tried out under supervision in the dispatcher’s 
chair in Jackson to see how they handle situations 
and also to ascertain their effect on station operators. 
If encouraging signs are shown here, the men are 
placed as chief operators in the eastern and western 
divisions successively and finally in the southern divi- 
sion as load dispatcher. 


FACILITIES PROVIDED DISPATCHER 


Proper fulfillment of the duties placed on a load dis- 
patcher requires the carrying in mind of considerable 
information, because he does not have time to make 
a leisurely engineering analysis of each situation be- 
fore reaching a decision, especially in emergencies. 
Of course very complete files of data are made con- 
veniently accessible to the dispatcher in his own office 
and the statistical department can be readily drawn 
upon for information, but he seldom has to refer to 
more than a few instruments and records before him, 
because his previous training has made the most-used 
data in his files second nature to him. 

Most used of the physical facilities placed before 
the dispatcher are probably the load-dispatching board, 
which is of an extremely simple yet effective design, and 
the two-hourly reports of operating conditions made by 
each station through their respective chief operators. 
(See frontispiece, page 604.) An indicating and record- 
ing frequency meter and indicating voltmeter constitute 
the major instruments watched. The telephone switch- 
board, divided into private and leased lines, affords 
the normal means of communication with all stations, 
but, as mentioned before, dealings with stations outside 
the southern division are relayed through the eastern 
and western chief operators. 


DISPATCHERS’ BOARD AND OPERATING RECORDS 


The load dispatchers’ board, which measures only 
3x3 ft. and is directly over the telephone keyboard, 
consists essentially of a single-line diagram of the sys- 
tem laid out geographically and mounted on a thin- 
wood panel, backed by a bank of red lamps. Small 
holes about * in. in diameter are drilled through each 
oil switch location. Rubber plugs that can be readily 
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pushed through and out of the holes with the point of 
a pencil are inserted in the holes to represent closed 
switches. The open holes allowing the red light to 
show through represent open switches. The advan- 
tages claimed for this board are its small dimensions, 
the ease with which it can be modified or substituted 
to keep up to date, and the small effort with which the 
dispatcher can keep it in harmony with operating con- 
ditions during an emergency. 

Adoption of a simple identification scheme for lines 
and switches greatly facilitates transmission of orders 
and avoids mistakes. Except for the less-important 
lines running to points at which they dead-end 


(identified by the name of the terminal), the trans- 
mission lines are labeled with a letter of the alphabet 
(for 
Where possible, letters having 


and the corresponding number as a cross-check 
example, A-1 or T-20). 
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HOW POWER GENERATION WAS DIVIDED BETWEEN STEAM AND 
HYDRO PLANTS ON TYPICAL HIGH AND LOW-FLOW DAYS 


During high flow, hydro plants take base load and steam plants 
the fluctuations. During low flow, the reverse is true. 
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a similar sound are not used for lines entering and 
leaving the same station. To enable identification of 
switches even if they are not numbered, it has been 
arbitrarily assumed by every one in the company that 
energy flows in a definite direction at each switching 
station. The incoming high-tension switches are called 


77’s, the outgoing 88’s, the local high-tension breakers 
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facilitates planning operation for the next day. On 
these reports are recorded the load carried by each 
station, the number of units (waterwheels, turbines or 
boilers) in operation, the headwater and _tailwater 
elevations (indicate time to change load), weather con- 
ditions (indicate demand for changed operation), i{ 
the turbines are not being operated at their most 
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OPERATING SCHEDULE AND RECORD OF OPERATING CONDITIONS 


99’s and the low-tension 66’s. Where there is more 
than one of each kind at any point, the numerals 1, 
2, 3, etc., are prefixed, running from north to south 
or west to east. When a double bus is used, the second 
of some “77” switches would be labeled 275 or 274, 
depending on the bus to which it is connected, the affix 
4 representing a north or east bus and 5 a south or 
west bus. 

From the two-hourly operating reports the load dis- 
patcher can keep acquainted with conditions that affect 
hour-to-hour operation or will influence changes neces- 
sary in emergencies. Besides, the combination of the 
records for. a day, coupled with other information, 


efficient gate openings, and when and how much watt- 
less load is being carried that might be allocated else- 
where. Equivalent information is obtained for the 
steam stations. In addition, the vacuum being obtained 
at different loads, barometric pressures and condenser 
water temperatures can be watched. The reports of 
energy turned out in the last two-hour period enables 
checking whether the load indicated has been main- 
tained fairly uniform. The frequency-changer records 
indicate how well the generation in the two halves ot 
the system agree with the loads in these sections, and 
the transformer loads (in and out) added algebraically 
to local generation and the distribution records at 
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important load centers indicate the magnitude of local 
loads necessary in sectionalizing the system in emer- 
gencies. 

Vibrating-reed frequency meters have not been found 
sufficiently accurate in maintaining or adjusting fre- 
quencies on this system. Consequently Weston indi- 
cating meters are used having scales reading +10 
cycles from nominal in 3-cycle steps. For a record of 
frequency maintenance, a Leeds-Northrup recording 
frequency meter is used having a 10-in. tape reading 

2 cycles from nominal in 1/20-cycle steps. A Warren 
clock provides a continuous check on the average de- 
parture from nominal frequency up to any moment, 
and enables keeping the demand-meter and _ station 
clocks accurate. 

For normal communication the private lines on the 
western system and the leased lines on the eastern 
system are used, signals being provided for calling 
stations individually or collectively, but as mentioned, 
the communications, except for the southern division, are 
normally relayed through the division chief operators. 
Supplementing the wire-lines are two-way carrier cur- 
rent telephone facilities between the dispatchers at 
Jackson and Battle Creek. To extend communication 
to the chief operator at Grand Rapids, the company is 
now installing a repeater at Battle Creek to bypass 
the frequency changer. If this works as satisfactorily 
during storms and under other abnormal conditions 
as the Jacksonville-Battle Creek installation, similar 
facilities will be provided at Saginaw, thus placing the 
load dispatcher in emergency communication with both 
chief operators. Similar communication facilities be- 
tween the chief operators and important points on their 
divisions might be a logical development. Under pres- 
ent conditions these communication facilities are sup- 
plemented by toll telephone or telegraph and messengers 
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HOW SIX HYDRO PLANTS IN SERIES ON AU SABLE RIVER SHARED 
LOADS ON TYPICAL HIGH AND LOW-FLOW DAYS 


in extreme emergencies. During entire interruption of 
communication operation is handled by special rules 
applying to different groups. 

Among other equipment used by the dispatcher are 
a “Stormograph” and wet-bulb thermometer for pre- 
dicting weather conditions, and an Ediphone used to 
record orders and reports ordinarily written by hand 
in the log. This machine enables the dispatcher to 
attend to operating duties without neglecting his log, 
especially during emergencies. At such times the dis- 
patcher handles the board, issues instructions and re- 
ceives reports, while an assistant listens on a paralleled 
telephone and records necessary information on the 
Ediphone. 

Road maps showing accessibility of all transmission 
poles and towers by number, blackboard records of loca- 
tion of construction gangs, nature of work and con- 
veyances, binders showing location of patrolmen, hinged 
panels of station-wiring diagrams and binders of one- 
line diagrams, records of line or switch “hold-offs,” 
prearranged interruptions and units on line, constitute 
some of the records most frequently consulted. While 
classified data regarding steam plants, hydro plants, 
substations and miscellaneous subjects are kept in files, 
such information as most efficient loading of water- 
wheels, steam turbines and boilers, relative efficiencies 
of steam plants, nature of river flows, relative storage 
above water power plants, delay of water between 
plants in series, delay and rate of run-off from precipi- 
tation, availability of equipment for service and magni- 
tude of loads in different districts are carried in the 
dispatcher’s head for immediate use. Requirement of 
operators to report to the dispatcher any unusual con- 
ditions or symptoms of pending trouble, co-operation 
with the U. S. Weather Bureau, train dispatchers and 
telephone companies, coupled with voluntary contribu- 
tion of information on unusual occurrences by public 
individuals in different parts of the system, keep the 
dispatcher the best-informed man regarding system 
conditions. 

Every day’s operations (indicated by the two-hourly 
reports) are carefully analyzed to ascertain if condi- 
tions could have been handled to better advantage. 
These reports, coupled with other information, are also 
employed each night between 9 and 10 p.m. to pre- 
arrange the operating schedule for the next day in order 
that conditions may be held somewhat closely to an 
orderly procedure. The operating schedule is divided 
into three periods—midnight to 7 a.m., 7 a.m. to 11 a.m., 
1 p.m. to 5 p.m. The men on the evening shift make 
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necessary adjustments and make out the schedule for 
the following day. 

In general, it is the policy to carry as much load as 
possible on hydro to avoid wasting water during high 
flow, care being necessary during low flow not to draw 
down the head so much that it cannot be restored each 
morning by 7 o’clock. It is the practice to operate the 
most efficient units in each plant and except when there 
is more water than can be utilized, these are operated 
at the most efficient gate openings. To avoid wasting 
any water it is particularly a problem in operating plants 
that are in series to make sure that the loads are so 
apportioned among them that water discharged by the 
upper plant is utilized in full by succeeding ones. Out- 
age of equipment for inspection, test, repair or main- 
tenance (while seldom allowed during load hours), 
unexpected run-offs, limitations of output by emergency 
system-sectionalization, restrictions on the minimum 
flow in streams and various other incidents sometimes 
make it impossible to adhere to the theoretically ideal 
procedure. 

That portion of a day’s energy consumption which 
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power plant may be floated on the most available incom- 
ing line for reserve. 

Owing to the number of generating stations and units 
on the system, sudden load fluctuations, if not of too 
great magnitude, can be easily absorbed and shared by 
all of the stations. Fluctuations of any duration from 
the base load are intentionally carried on the hydro 
plants, at least during low water, to relieve the steam 
units of a low load factor, keep up the efficiency and 
hold down the maintenance thereof. For example, con- 
ditions permitting, hydro plants would be dropped off 
during noon hour. During low water the hydro plants 
would be kept off the line during the base load and put 
on only for fluctuations above this. To this end, the 
steam-turbine governors are purposely made sluggish, 
and the regulation manually controlled at one or two of 
the hydro plants. Inherently the water wheels are 
better adapted to starting up quickly, it being possible 
to place any hydro units on this system on load in two 
minutes. On the other hand, the 10,000-kw. steam 
turbines should take thirty to thirty-five minutes, al- 
though they may be started in fifteen to twenty min- 


REPORT ON MACHINE OPERATION 





DURATION OF OPERATION OF EACH GENERATOR RECORDED 


cannot be furnished by bydro is provided by the steam 
plants, the units in which, in all cases, are loaded to 
give the best load factor and consequently the lowest 
unit cost. in general, steam-unit loads are not allowed 
to fluctuate to any. extent. From a station-economy 
viewpoint, it would probably seem best to concentrate 
all of the sfeam load on the most efficient station or 
stations, but because of transmission losses and the 
advisability of having some steam backing near impor- 
tant load centers in case of line failures or intended 
sectionalization during, disturbances or in anticipation 
thereof, it becomes necessary to sacrifice some efficiency 
to obtain the maximum system reliability. Consequently 
the steam load is apportioned among the three most 
efficient steam plants which are strategically located at 
Saginaw, Battle Creek and Grand Rapids, their effi- 
ciencies ranking in the order named. Depending on the 
condition of lines as reported by the patrol force, the 
extent to which inspection, repair or construction may 
be limiting flexibility of operation, and on the expect- 
ancy of storms, the loads on these plants are distributed 
more or less in proportion to their efficiencies. If all con- 
ditions were near ideal, the steam load might be placed 
entirely on Saginaw, which is most efficient, and the 
boilers at the two other plants mentioned might be 
“live-banked”—that is, at about 70 per cent steam pres- 
sure. Under adverse conditions and especially during 
low water many of the smaller and less efficient steam 
plants may be operated to assure service in case of line 
or equipment failures or forced sectionalization. In 
case part of the equipment in the steam plant at an 
important load center is unavailable or incoming trans- 
mitted power is curtailed over any line, a nearby water- 


utes; the 20,000-kw. units require one hour. This prac- 
tice saves excessive maintenance of furnaces because of 
frequent and sudden starting and stopping of boilers. 
When interruptions of transmitted power are not seri- 
ously feared the stokers are dead-banked, consuming 
about 0.35 lb. of fuel per boiler horse-power compared 
with 0.45 lb. per boiler horse-power for live banks 
employed when it is desired to prepare for bringing 
units on the line quickly. 

All of these conditions and others, too many to name, 
are taken into consideration in allocating the loads. 
From what has been said it will be seen that the first 
thing in laying out the operating schedule each night is 
to ascertain. from the previous day’s reports what total 
energy can be generated from water, modify this by 
decreased stream flow or delayed run-off from pre- 
cipitation and apportion the rest among the steam 
plants. From a knowledge of the character of the sys- 
tem loads and important section loads at different times 
of the day (also obtainable from data files by day in 
kilowatt-hours and peak loads) the water during low 
flow can be apportioned over the three periods shown 
in the operating schedule. The previous day’s records 
will also show about how much output can be expected 
from each plant. Then from knowledge of water-wheel, 
steam-turbine and boiler efficiencies, the loads in these 
plants can be apportioned among units available for 
service. Curves or loading charts are available for 
each station to indicate which combination of units and 
divisions of load are most economical. Knowing the 
probabilities of calling on the steam plants for une> 
pected generation, the number of banked boilers ca! 
also be specified for each period. 
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News of the Industry 


Practicality Keynote of I. KE. S. Meeting 


Detroit Convention Concerns Itself Largely with Automobile Head- 
lighting, Street, Industrial and Show-Window 
Illumination and Daylight Values 


ITH a record attendance of 372, 
W the nineteenth annual convention 
of the Illuminating Engineering So- 
ciety, held at the Hotel Statler, Detroit, 
September 15 to 18, was notable also 
for the interest shown in practical ap- 
plications of illumination and the start- 
ing of a movement to “sell” illuminat- 
ing engineering to the public. “The 
present epoch in the society’s life is 
one in which the great need seems to 
be for education to make the results 
of previous work as widely useful as 
possible,” said E. C. Crittenden, Wash- 
ington, D. C., retiring president of the 
society, in his opening address. Prac- 
tical applications of illuminating engi- 
neering were emphasized in a majority 
of the papers presented. Improved au- 
tomobile headlighting, traffic control 
lighting, practical determination of 
daylighting values for skylights and 
the relighting of the factories, offices 
and warehouses of a large manufac- 
turer were some of the subjects dis- 
cussed. 

Alex Dow, president Detroit Edison 
Company, chairman of the general con- 
vention committee and host to the so- 
ciety for one day of the convention, 
reminded the visiting delegates, in his 
address of welcome, that Detroit is not- 
able for the fact that 99 per cent of 
its residences are electrically lighted. 
A. W. Devine discussed automobile 
headlighting, R. N. Falge depressible 
beam headlighting and C. A. B. Halvor- 
son, Jr., developments in traffic control 
on the first day, and on the second day 
W. S. Brown dealt with practical day- 
light calculations for vertical windows, 
W. C. Randall with sawtooth design, 
H. H. Higbie and A. Levin with the 
prediction of daylight from sloping 
windows, and Frank E. Carlson with 
the relative values of various lights as 
measured by visual acuity. The effect 
of mixing artificial light with daylight 
on important functions of the eye was 
the subject of a paper by C. E. Ferree 
and G. Rand. 


STREET AND INDUSTRIAL LIGHTING 


_ Practical solutions of a street-light- 
ing problem were offered in a sympo- 
Slum on residence street lighting on 
Thursday. A questionnaire, a b'ue- 
print and a photograph of the specimen 
Street were sent to representative 
Strect-lighting engineers and their solu- 
tions were co-ordinated and tabulated 
Xy the committee. Of the twelve solu- 
tion offered, eleven specified an 
°rnamental system of lighting for a res- 
idence street; ten specified series sys- 
tems; the estimated cost was, with one 
€xception, proportional to the lumens 
ber foot of street. Street lighting 


should be designed according to the 
best available practice, rather than the 
most economical practice at the mo- 
ment, in the opinion of those discussing 
the reports, otherwise the growth and 
development of the city will render the 
installation obsolete before the end of 
its useful life. Street-lighting engi- 
neers were urged to impress city man- 
agements with the importance of light- 
colored materials for paving and the 
necessity for trimming trees to permit 
a mounting height of at least 15 ft. 
for ornamental systems. 

Industrial lighting came in for im- 
portant consideration in a paper on 
“Lighting and Production” by P. W. 
Cobb, Cleveland, and a paper on “‘Auto- 
mobile-Body Plant Lighting” by J. M. 
Ketch, H. J. Thompson and E. F. Laba- 
die, Detroit. Both of these papers and 
their discussion demonstrated that 
lighting engineers have not yet reached, 
nor are they likely to reach, illumina- 
tion values for industrial plants that 
cannot be exceeded with increases in 
volume and quality of production and 
with less fatigue for the workers. 
Automobile-body plants are now using 
illumination intensities of 12 foot- 
candles for rough work and up to 35 
foot-candles and even 50 foot-candles 
for finishing of polished surfaces. The 
illumination of the interior of bodies 
assembled on conveyors has been ef- 
fected by the use of a 110-volt trolley 
and collector, supplying an extension 
light of 100-watt or even 200-watt ca- 
pacity. 

ILLUMINATING STORE WINDOWS 


A striking demonstration was con- 
ducted on the features of a paper by 
O. R. Hogue, E. D. Tillson and Charles 
Howard of Chicago. This paper, “Light- 
ing of Show Windows During Daylight 
Hours,” brought out the importance of 
light-colored backgrounds especially 
when dark goods are displayed, the 
weakness of the average 200-watt flood- 
light when used in a large window and 
the drawing power of effectively lighted 
windows during daylight hours. One 
member reported the case of a Balti- 
more merchant who installed a new 
mahogany background at an expense 
of $45,000. What could not the illu- 
minating engineer have done with $45,- 
000? How many illuminating engi- 
neers would have the courage to ask 
for $45,000 to increase by 1,200 per 
cent the drawing power of a window 
lighted during daylight hours—the re- 
sults obtained in the Chicago tests? 

A paper by M. Luckiesh, and A. H. 
Taylor, Cleveland, dealt with the fad- 
ing of colored materials. This was re- 
ported to be much less when the ma- 


terial was exposed to the radiations 
of tungsten lamps than when it was 
exposed for the same foot-candle-hours 
to either skylight or mixed sunlight 
and skylight. Taking into considera- 
tion the effects of temperature, mois- 
ture and air pressure or vacuum, the 
report showed that “approximately 
equal degrees of fading will result from 
exposures of colored materials to tung- 
sten-filament radiation for 100 foot- 
candle-hours, skylight for 34 foot-candle- 
hours or to sunlight and_ skylight 
combined for 77 foot-candle-hours.” 

RELATION OF CHROMIUM TO LIGHT 

Two of Friday morning’s papers, 
“Simple Methods of Showing Photo- 
metric Data,” by S. G. Hibben, New 
York, and “A Practical Form of Photo- 
electric Photometer,” by C. H. Sharp 
and Carl Kinsley, New York, were ac- 
counts of efforts designed to bring into 
practical use theoretical determina- 
tions and laboratory devices. 

Considerable commercial importance 
was attached by those: present to the 
paper of R. J. Piersol, physicist in the 
research laboratories of the Westing- 
house Electric & Manufacturing Com- 
pany, on “Reflection Properties of 
Chromium.” The applications :f flood- 
lighting and automobile headlighting, 
he said, call for metallic reflectors 
which are not subject to corrosion at 
temperatures as high as 300 deg. C., 
which have a surface hard enough to 
permit cleaning without scratching and 
which maintain a high coefficient of 
reflection throughout their life. Ex- 
periments and life tests conducted by 
Mr. Piersol have shown that chromium- 
plated reflectors meet these require- 
ments. 


Moore-NEON LAMP 


That the Moore-neon lamp, consum- 
ing less than one watt, giving but a 
fraction of a candlepower, made in a 
small bulb and operating directly from 
110-volt lighting lines, may bridge the 
gap between the firefly and the present 
“Mazda” lamps and thereby supple- 
ment rather than replace the present 
line of illumination and expand the 
field of the application of light, was 
the opinion expressed by L. C. Porter, 
Harrison, N. J., joint author with D. 
McFarlan Moore of a paper on “Re- 
cent Developments in Neon Lamps.” 
Possible applications of the small lamp, 
he said, are found in wall switches, flat- 
irons, traffic warning signals and those 
applications requiring a small bulb and 
a small amount of energy. When 
equipped with condensers these lamps 
can be made to operate as intermittent 
flashers for traffic warning signals. A 
set of radio “B” batteries will oper- 
ate such a light for six months without 
attention. Other possible applications 
are for night-light service in the home, 
for testing uses by central-station line- 
men and for the electric transmission 
of photographs and motion pictures. 
As the lamps are made the electrode 
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which is connected to the center con- 
tact of the base is marked for the pur- 
pose of testing polarity of circuits. On 
alternating-current circuits both elec- 
trodes glow. On direct-current circuits 
only one electrode (the negative) glows. 
The lamp will not burn out ‘if acci- 
- dentally applied to 220-volt circuits. 

M. Luckiesh, director lighting re- 
search laboratory, National Lamp 
Works, General Electric Company, 
Cleveland, is the new president of the 
society. 





Empire State Association’s 
Lake Placid Program 


For the twenty-first annual conven- 
tion of the Empire State Gas and Elec- 
tric Association, to be held at the Lake 
Placid Club, in the Adirondacks dis- 
trict of New York, Thursday and 
Friday, October 1 and 2, a short, busi- 
nesslike program has been arranged. 
It embraces, in addition to the usual 
reports and routine, two addresses on 
each day, as follows: Thursday morn- 
ing, “The Importance of Holding Com- 
panies in the Financing and Super- 
vision of Utility Companies;” by George 
T. Bishop, chairman of the board, 
United Gas & Electric Corporation, and 
an illustrated talk by State Architect 
S. W. Jones on the New York State 
Commission on Housing and Regional 
Planning; Friday morning, “Newspaper 
Advertising,” by Thomas H. Moore, 
associate director bureau of advertis- 
ing, American Newspaper Publishers’ 
Association, and “The Public Utility 
Security Market,” by Ray Morris, vice- 
president Investment Bankers’ Asso- 
ciation. 

The annual banquet will be held on 
Thursday evening, followed by the 
president’s reception and dance. Golf, 
automobiling and other entertainment 
will be plentifully provided. 





Berkeley Fire Losers Sue 
Pacific Gas & Electric 


Sixty insurance companies and sev- 
eral hundred individuals have filed suits 
against the Pacific Gas & Electric Com- 
pany aggregating $6,000,000. The action 
grows out of the Berkeley fire on Sep- 
tember 17, 1923, which destroyed 650 
homes, and the ground for the suits is 
an allegation that the fire was started 
by the Pacific Gas & Electric’s high- 
tension wires. The insurance com- 
panies demand repayment of $2,287,135 
paid out in policy settlements. 

Commenting on the suits, L. H. Sus- 
man, attorney for the Pacific Gas & 
Electric Company, said: 

“We instituted a prompt and careful 
investigation of the fire on the day it 
started, and we are convinced that no 
liability attaches to the company. None 
of the wires came down at that time. 
We knew that these suits were being 
prepared and we are not disturbed by 
them. The best evidence of the charac- 
ter of this action is that seven or eight 
hundred suits have been begun when 
they all could have been assigned to one 
plaintiff and there would have been only 
one suit to be tried. We regard them 
as having been started with a hope of 
compelling an eventual settlement so as 
to dispose of them.” 
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Opposition to Proposed Survey 
of Water Resources 


Legislation proposing a national sur- 
vey of water resources by the United 
States Geological Survey, sponsored by 
the American Engineering Council, will 
be opposed vigorously by the Corps of 
Engineers of the army, by the staff of 
the Federal Power Commission and by 
many friends of the water-power act. 
The water-power act set up the Fed- 
eral Power Commission as the agency 
to bring into co-ordination the agencies 
of all the government departments 
dealing with water power. To put the 
general survey in the hands of one of 
the agencies handling water problems 
to the exclusion of the other agencies 
would be contrary to the spirit of the 
water-power act, those in opposition to 
the proposal state. The need for a 
survey of the resources of the im- 
portant streams of the country has, 
however, long been recognized, and in 
1917 a commission was authorized to 
make a modified study of rivers. Be- 
cause of the exigencies of the war 
period the President declined to ap- 
point the commission. The authority 
to create the board was repealed by the 
water-power act on the ground that the 
new statute provided for just such 
studies. 

The water-power act specified that 
the license fees from projects may be 
devoted to this purpose, but enabling 
legislation is needed before these funds 
can be expended. Thus far they have 
been turned back to the treasury. 
License fees now are being collected 
at the rate of $250,000. annually and 
will increase at the rate of $50,000 
annually. To this could be added the 
receipts from the rental of government 
dams and other structures. The propo- 
sal to have the surveys made under 
the water-power act is expected to 
appeal to Congress as no money will 
have to be taken from the treasury for 
the purpose. Another argument is that 
the government is under moral obliga- 
tion to its licensees to expend the money 
in some such way. 

An effort to get the enabling legisla- 
tion at the last session of Congress 
failed, but the Corps of Engineers and 
the Federal Power Commission were 
ordered to report jointly on the scope 
of the proposed river surveys and their 
probable cost. This report is now in 
preparation. When it is presented to 
Congress in December it probably will 
be accompanied by a recommendation 
as to the form of legislation. 





Interest in Electric Heat Is 
Evinced by Steel Treaters 


Electric furnaces for heat treating 
were centers of practical interest for 
a majority of the delegates and visitors 
at the seventh annual convention and 
exposition of the American Society for 
Steel Treating, held in Cleveland, 
September 14 to 18, and the dozen or 
more exhibits of electric furnaces and 
auxiliary equipment, including that of 
the National Electric Light Association, 
were the most patronized booths at the 
exposition. One hundred per cent elec- 
trification of the heat-treating depart- 
ment was the expressed goal of more 
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than one metallurgist. One represent: 
tive of a large crane manufactur 
said that although his company hai 
no electric heat-treating equipment at 
present, he was confident that within 


five years it would have  nothine 
else. Representatives of the automo- 
tive industry, the largest user of 
heat-treated steels, were particularly 


interested in recent expansions in the 
electric process. Several large units 
of this industry, it was announced, 
have lately taken a definite stand for 
the complete electrification of their 
heat-treating departments. 

Many central-station companies sent 
industrial heating sales engineers to 
the convention. The East Central Di- 
vision, N. E. L. A., held a three-day 
industrial heating school in Cleveland 
at a time selected to give the men 
attending opportunity to inspect the 
exposition. Chicago was selected for 
the 1926 convention of the American 
Society for Steel Treating. Robert M. 
_— of Philadelphia was elected presi- 
ent. 





Ambitious Hydro Projects 
Planned in Mexico 


Plans for the electrification of cities, 
towns and industries in a large terri- 
tory along the west coast of Mexico are 
well advanced, surveys for proposed 
dams and power transmission lines 
have been finished and everything is 
said to be in readiness for the award- 
ing of contracts. This is the situation 
at least so far as the owners of the 
United Sugar Company of Los Mochis 
are concerned. Their project involves 
building a dam across the Fuerte River, 
near the Sinaloa-Chihuahua boundary, 
and the construction of a hydro-electric 
plant and a transmission system which 
will cover a good part of Sinaloa and 
Chihuahua, extending to remote mining 
camps in the latter state not now 
reached by the power system of the 
Mexican Northern Power Company at 
Boquillas. In addition to providing 
electric power the project of the United 
Sugar Company interests will store 
water sufficient to irrigate about 400,000 
acres of land in the Fuerte River Val- 
ley, it is stated. An estimate of the 
total cost of the proposed works puts 
it at approximately $10,000,000 United 
States money. 

Information has been received that 
the Richardson Construction Company 
has revived its project of constructing 
a large dam and hydro-electric plant at 
Suaqui de Batuc. This plant is to fur- 
nish power for the operation of indus- 
tries in that district, and the water 
which it will store from the flow of the 
Yaqui, Moctezuma and _ Sahuarips 
Rivers will be used to augment its pres- 
ent supply for irrigation purposes. 
The headquarters of the Richardson 
Construction Company are in Los An- 
geles. It already has a large invest- 
ment in lands and equipment in the 
State of Sinaloa, and the carrying out 
of the new project will involve the ex- 
penditure of an additional $8,000,000 
United States money. 

Former President Alvaro Obreso" 
and associates are having surveys mace 
for a large dam and hydro-electric 
plant which will be constructed in ‘2° 
Mayo River. 
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Plea for Clear Rates 


Consumer’s Argument Against Intricate 
Schedules a Prominent Feature of 
Indiana Association Meeting 


PLEA for simpler and clearer rate 
schedules for industrial users of 


electric power was an _ outstanding 
feature of the annual meeting of the 
Indiana Electric Light Association, 


which preceded the Great Lakes Divi- 
sion, N. E. L. A., convention at French 


Lick Springs this week. O. B. Iles, 
head of the International Machine 
Tool Company of Indianapolis and 


former president of the Indiana Manu- 
facturers’ Association, spoke for the 
industrial consumers at the opening ses- 
sion on Tuesday, September 22. 

“There are some instances where we 
can get ten interpretations from ten of 
your salesmen of a clause in a schedule,” 
declared Mr. Iles, “and the Public Serv- 
ice Commission will give us another and 
different one. The interpretation of 
rate schedules is a matter that arouses 
much criticism of the power companies. 
Take, for instance, the so-called demand 
charge. Unless it is thoroughly ex- 
plained to the customer, he thinks this 
is your authority to demand these 
various charges from him and not his 
right to demand of you a certain 
amount of electric power as he wants 
it. You have customers who think you 
file these schedules because you are 
compelled to and that the less clear 
they are the better for you. Is it not 
possible for you to get your schedules 
simpler and more understandable to 
your ordinary customers? We do not 
like to hire experts when we contract 
with you for light or power.” 

Mr. Iles urged “closer contact and a 
more co-operative spirit between elec- 
tric men and customers.” “We think 
we need more education along your 
line,” he said, “more understanding of 
your problems, more understanding of 
our provlems by you.” 

Tuesday’s program also_ included 
talks by C. F. Lamont of the Indiana 
Service Corporation of Fort Wayne 
and George O. Stewart of the Interstate 
Public Service Corporation of In- 
dianapolis. Both discussed phases of 
commercial sales work. 

President T. N. Wynne opened the 
Wednesday meeting with an address 
in which he said: 

“The electric industry has made re- 
markable strides in Indiana since the 
world war. Gross revenues of the 
power companies in this state have 
more than doubled, according to records 
compiled by the Public Service Com- 
mission. Sinee 1919 power sales have 
jumped from $24,000,000 annually to 
$90,000,000. This is not because of in- 
creased rates, for the rate levels have 
rather lowered than increased on the 
whole. The increase in sales is due to 
enterprise on the part of the Indiana 
operators, who have met the constantly 
srowing demand for energy by adding 

production facilities and intercon- 
necting transmission systems.” 

President Wynne reviewed the year’s 
Work, praising the public relations com- 
under Arthur E. Scott of In- 
dianapolis and pointing to the promis- 
mn farm electrification experiment 


p rk under way at Purdue University. 
rof 


mittee 


G. I. Christie of the Purdue Agri- — 
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cultural Experiment Station, chairman 
of the joint electric farm and Purdue 
committee in charge, described the 
progress of the experimental program. 

Carl H.-Mote of Indianapolis, sub- 
stituting on the program for Chairman 
John W. McCardle of the Public Serv- 
ice Commission, discussed problems of 
electric utility regulation. Mr. Mote 
declared in favor of continued state 
regulation as advocated by Herbert 
Hoover at San Francisco, as contrasted 
with the “giant power” and federal 
regulation idea suggested by Governor 
Pinchot of Pennsylvania. 





Insull Company Starts Contoo- 
cook Developments 


Work began Wednesday on the first 
of four hydro-electric plants for the In- 
sull interests on the Contoocook River, 
near Hillsboro, N. H. The first plant 


will have a rating of about 4,000 kva.- 


and will operate under a head of 180 ft., 
its estimated cost being $750,000. The 
scheme as a whole involves the de- 
velopment of about 30,000 hp. and a 
comprehensive series of dams and stor- 
age reservoirs. The construction con- 
tract has been awarded to the L. H. 
Shattuck Company, Inc., Manchester, 
N. H., and the consulting engineers in 
charge of the project are the Vaughan 
Engineers of Boston. 
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Baltimore Company Extends 
Its Four-Cent Rate 


A saving of more than 10 per cent 
to approximately 90,000 domestic and 
commercial consumers of electricity was 
announced this week by Herbert A. 
Wagner, president of the Consolidated 
Gas, Electric Light & Power Company 
of Baltimore, in a letter notifying the 
Public Service Commission that the 
board of directors of the company had 
decided to reduce electric rates. The 
new rates, which will go into effect 
November 1, will total a reduction for 
November and December of approxi- 
mately $82,000, and $875,000 for all the 
next year, it: was asserted. For the 
fourteen months the saving is estimated 
at $1,000,000. 

The new rates, confined to the terri- 
tory of Baltimore city and extending 
three miles beyond the 1918 city limits, 
are based on the application of the 4- 
cent secondary rate. Under the new 
rates, subject to the approval of the 
commission, the 8-cent primary rate 
will apply only to the first twenty 
hours’ use or to a minimum consump- 
tion of 25 kw.-hr. a month. Under the 
present rating the 8-cent primary rate 
applies to the first forty hours’ use ‘of 
the consumers’ lighting demand and to 
all consumption for both power and 
lighting up to 40 kw.-hr. a month. 





Electric Locomotion Triumphs Easily 


Train Runs Away from Steam-Operated Contester on Converted 
Section of Virginian Railway, Moving 6,050 Tons Up 
Steep Grade at 14 Miles an Hour 


ITH the movement of a 6,050-ton 

train of coal between Elmore and 
Clark’s Gap, W. Va., the electric opera- 
tion of the Virginian Railway was be- 
gun on Monday of this week. The train 
was hauled by two electric engines, one 
pulling and one pushing. Each engine 
is built in three sections in order to 
negotiate the curves more easily. The 
train was hauled up the grade at a 
speed of 14 miles an hour without 
difficulty. 

In order to make a comparison be- 
tween the old and new methods the 
west-bound track was used for steam 
operation and a similar steam train was 
taken up the grade with three Mallet 
engines. The electric train started 
fifteen minutes after the steam train, 
and, as it turned out, the handicap 
given the steam train was _ scarcely 
sufficient, for the electric train had 
almost passed the battery of motion- 
picture operators half way up the grade 
before the steam train came in sight. 

Electric operation is expected to 
double the cgpacity of the line. The 
trains are handled with greater facility 
and at more thar double the speed. 
The time previously required with steam 
for capacity trains was two hours 
thirty minutes from the yard at Elmore 
to the summit of the 2.11 per cent 
grade at Clark’s Gap, while the electric 
train covered the distance in exactly 
one hour. 

The system is. operated on the single- 
phase, 11,000-volt system. Power is 
supplied from a 67,500-kw. steam plant 
at Narrows’ on the New River, At 


present it is planned to operate elec- 
trically between Mullens, W. Va., and 
Princeton, Va. Plans have been made 
for extending the electrified zone east- 
ward to Roanoke, a distance of approxi- 
mately 134 route miles, at a capital ex- 
penditure of $15,000,000. The electricai 
equipment was supplied by the Wesi- 
inghouse Electric & Manufacturing 
Company. 

An interesting feature of the test 
was the use of wired wireless for com- 
municating between the front and rear 
ends of the electric train. High-fre- 
quency carrier current was transmitted 
through the trolley wire and _ track, 
making it possible to transmit signals 
and speech between the locomotives at 
the two ends of the train nearly a mile 
apart. This arrangement is expected 
to facilitate starting and stopping these 
trains, which are so long that communi- 
cation by ordinary methods is ex- 
tremely difficult. 





Power Commission Has Hear- 
ing on Yuba River 


Further evidence was submitted to 
the Federal Power Commission on Sep- 
tember 21 in connection with the con- 
flicting applications of the Nevada 
Irrigation District and the Yuba River 
Power Company. The Excelsior Water 
& Power Company has withdrawn a 
third conflicting project. After ex- 
tended discussion it was apparent: that 
the only thing at issue in the case. is 
the Milton-Jackson watershed on - the 
Upper Middle Fork of’ the’ Yuba.-~The 
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question is whether this shall be allo- 
cated to the Nevada Irrigation District 
or to the Yuba Power Company. Had 
the irrigation district been able to 
establish that the water is essential to 
a feasible irrigation project, with power 
development an incident to that use, 
no difficulty would be had in reaching 
a decision. The representatives of the 
Yuba Power Company were able, how- 
ever, to establish that more efficient 
use of the water for power purposes 
could be obtained if the diversion were 
to the North Yuba rather than to the 
South Yuba and through the plants of 
the Pacific Gas & Electric Company. 
Testimony on both sides was heard, and 
every effort will be made to hand down 
a final decision by October 1. 





Muscle Shoals Commission 
Not to Meet Until October 5 


The continuous session of the Presi- 
dent’s Muscle Shoals Commission, 
which, as previously announced, was 
scheduled to begin October 1, will begin 
instead on October 5. In this connec- 
tion Secretary Hoover’s recent state- 
ment that large-scale experiments in 
the fixation of fertilizer nitrogen should 
be conducted somewhere in the country 
is not without interest. It has been a 
widely held view, the Secretary said, 
that such an experiment should be con- 
ducted at Muscle Shoals. Consideration 
of the Muscle Shoals question thus far 
has developed an abundance of words 
but few facts, and as a result, he de- 
clared, there is no definite information 
as to whether or. not nitrogen for fer- 
tilizer purposes can be produced profit- 
ably at Muscle Shoals. He expressed 
the hope that this and other questions 
as to Muscle Shoals would be settled by 
the commission. 





French Engineers Will Inspect 
American Power Plants 


A party of. prominent French engi- 
neers is on its way to this country, 
where it will conduct a six weeks’ in- 
vestigation of American power-plant 
practice. The party, which sailed from 
Havre on September 23 and is due in 
New York City on September 29, con- 
tains: 

Petsche, Albert, president Société Lyonnaise 
des Eaux et de I'Hclairage. 


Mercier, Ernest, president Cie Francaise 
des Petroles and builder of the Gen- 
nevilliers power station. 

Eschwege, Paul, vice-president Société Ano- 
nyme Nord Lumiére. 

Saurel, Maurice, president Société d'Elec- 
tricité de Strasbourg. : 

Malle, Albert, Société d’Electricité de 
Strasbourg. 

Pinson, Emile, director Cie Continentale 
Edison. 

Aubert, Edmond, director Cie Ouest Lu- 
miére 

Imbs, Edouard, Cie Parisienne de Distri- 
bution d’Electricité. 

Meunier, P., director Union d’Electricité. 

Arrighi de Casanova, J. A., chief engineer 
Union d’FElectricité, 

Hochstetter, René, general manager Soci- 
été Alsacienne de Constructions 
Mécaniques, Belfort. 

Roth, Edouard, chief engineer Société Alsa- 
cienne de Constructions Mécaniques, 
Belfort. 

Valbreuze, Robert de, consulting engineer 
Cie des Lampes. 

Bethenod, J. . J., consulting engineer 
Société Alsacienne de Constructions 
Mécaniques. 

Astier, Louis, Cie Parisienne de Distribu- 


tion d’'Flectricité. : : 
Sartre, Louis J., Cie Parisienne de Distribu- 
tion d'Electricité. 
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The Contractor-Dealer and Trade Policie- 


Frank Discussion of This Relationship at West Baden Convention o! 


Electragists—Rost Analyzes Distribution. Problems— 
James H. McGraw Award 


HE contractor-dealer’s position in 

the trade policies of the electrical 
industry was the ‘outstanding topic of 
the twenty-fifth annual convention of 
the Association of Electragists Inter- 
national, in session this week at West 
Baden Springs, Ind. With a registra- 
tion of about six hundred, nearly 
double that of last year, and an exhibi- 
tion participated in by more than forty 
manufacturers, the convention was 
admittedly the best the association has 
ever held. 

President Joseph A. Fowler in his 
opening address spoke with his charac- 
teristic frankness of the contractor- 
dealer’s problems in his relations with 
the other branches of. the industry, re- 
asserting the trade policy - recently 
adopted by the association that distri- 
bution: of ‘electrical material ‘should be 
from manufacturer through jobber, 
through contractor and dealer to con- 
sumer. “We contend,” he said, “that 
it is uneconomic to expect trade from 
a customer to whose customer you sell. 
At the same time, the true electragist 
hasn’t any more respect for the elec- 
trical contractor who is a jobber for 
buying and competition purposes than 
for a jobber who fills in his off. peak 
with business that belongs to. his: cus- 
tomer.” Persistent and constructive 
work must be done, Mr. Fowler main- 


tained, to develop gradually acceptance. 


and adoption of this ‘principle. He 
made a strong appeal for better control 
of wasteful manufacturing methods 
that introduce unnecessary duplication 
of stock such as the tumbler switch or 
the two finishes in conduit. 


Governor J. H. Trumbull of Connec-: 


ticut, speaking as a one-time electrical 
contractor, talked ofthe: duties of the 
electragist. The only way to develop 
the increased use of electricity in the 
American home, he said, is to put more 
material into the wiring job and pro- 
vide better facilities for the enjoyment 
of the service. 

Speaking for the jobbing branch of 
the industry, O. Fred Rost, Newark, 
N. J., analyzed the present status of 
distribution, saying that the 3,500 
manufacturers of electrical products 
are selling $883,000,000 worth of goods 
and the 680 electrical jobbers are dis- 
tributing $573,000,000 worth of this 
material. The 24,300 electrical con- 
tractor-dealers, however, are only 
carrying $72,000,000 worth of this to 
the consumer, leaving the balance to 
flow either from the manufacturer or 
from the jobber direct to the consumer. 
The test of the electragist trade policy, 
Mr. Rost said, will rest upon the ability 
of the contractor-dealer to increase his 
capacity for handling the volume of 
material that must be distributed. 

The progress of the all-metal stand- 
ard was reported as most encouraging, 
more than forty cities now having 
adopted metal construction in the con- 
gested districts. The work of estab- 
lishing local code committees is also 
going forward effectively. 

In Thursday’s session Martin L. 


Pierce, director of research for the 
Hoover Company, spoke on the moral 
responsibility of electrical dealers to 
the public; William S. Boyd of the 
Western Association of Electrical In- 
spectors discussed the functions of the 
electrical inspector, and H. B. Kirkland, 
in behalf of the Electrical Manufac- 
turers’ Council, reported on the present 
statutes of the uniform electrical 
ordinance. 

Four certificates of honorable men- 
tion under the James H. McGraw award 
were presented by Earl E. Whitehorne, 
commercial editor of the ELECTRICAL 
WorLp, to A. Penn Denton, Robert 
A. Goeller, Walter H. Taverner and 
William J. Ball, in recognition of serv- 
ices described in detail on page 670. 
The concluding session on Friday morn- 
ing was devoted to an address on the 
code by W. J. Canada of the National 
Fire Protection Association and to a 
discussion of the contractor’s interest 
in the “red seal” plan. 





Date Set for Conowingo Hear- 
ing at Harrisburg 


Monday, October 5, has been set by 
the Pennsylvania Public Service Com- 
mission as the date of the final argu- 
ments on the petition of the Susque- 
hanna Power Company for authority 
to build a hydro-electric power plant on 
the Susquehanna River at Conowingo, 
Md. The Philadelphia Electric Com- 
pany and the Philadelphia Rapid 
Transit Company are expected to re- 
sume their contest over the merits of 
the project. The meeting will be held at 
Harrisburg. The commission has invited 
members of the Maryland Public Serv- 
ice Commission and the Federal Power 
Commission to attend the hearing. 





Maryland Utilities Association 
Meets at Hagerstown 


One hundred and twenty-five dele- 
gates, representing thirty-five utility 
companies in Maryland and neighbor- 
ing states, assembled at Hagerstown on 
Wednesday of this week for the mid- 
year meeting of the Maryland Utilities 
Association. In the morning group 
meetings were held, the electric group 
being led by C. H. Leatham, assistant 
general manager Potomac Edison Com- 
pany. In the afternoon addresses were 
made, including one by H. C. Wolf, chief 
engineer of the Maryland Public Serv- 
ice Commission, on “Superpower and 
Hydro-Electric Development” and one 
by A. B. Lawrence, General Electric 
Company, on “A Company Is Known by 
the Employees It Keeps.” An inspec- 
tion trip was made to the Williamsport 
plant of the Potomac Edison Company. 
In the evening at the banquet, A. ». 
Goldsborough, executive secretary ©! 
the Baltimore Association of Commerce, 
and H. A. Wagner, president of the 
Consolidated Gas, Electric Light 
Power Company of Paltimore, we’ 
the scheduled speakers. 
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Briefer News 


Board . of American Engineering 
Council to Meet Next Month in Colum- 
bus, Ohio.—The next meeting of the 
administrative board of the American 
Kngineering Council will be held in 
Columbus, Ohio, October 29 and 30, 
under the auspices of the Engineers’ 
Club of Columbus. The president of 
the A. E. C., former Governor James 
Hartness of Vermont, who has been 
recovering from a prolonged illness, is 
expected to preside. 








Mountain State Headquarters Moved 
to Tacoma.—The general offices of the 
Mountain States Power Company have 
been moved from Albany, Ore., to 
Tacoma, Wash., which city, with the 
acquirement of the electric pxyoperties 
at Casper and Douglas, Wyo., is a 
more central operating point than Al- 
bany. The Mountain States Power 
Company now operatés utility proper- 
ties supplying service in seventy-three 
communities with 275,000 population. 





Disposal of Surplus Public Waters in 
New York.—The New York Water 
Power Commission at a meeting held 
last week fixed rental charges amount- 
ing to $15,000 per year for the use of 
the surplus canal waters at the east 
end of Dam No. 4 in the Oswego River 


at Fulton, N. Y., pending a further 
hearing on October 5, when the com- 
mission will also take up the application 
of the Lower Niagara River Power & 
Water Supply Company for approval 


of its project in Niagara Gorge and 
the application of the Rochester Gas & 
Electric Corporation for the use of 
surplus canal water at Rochester. 


Courts Sustain Agreement of Lock- 
port, N. Y., with Power Companies.— 
A fifteen-year agreement entered into 
t year between the city of Lockport, 
Y., and the Niagara, Lockport & 
tario Power Company and associated 
ipanies, following protracted litiga- 
1, has been sustained in the Supreme 
Court of the state against the opposi- 
1 of paper-manufacturing companies 
| others. By its terms the companies 
| supply 20,000 hp. to the city an- 
illy at $16 per horsepower. 


Broad River Steam Plant Starts Up. 
he first 15,000-kw. unit of the steam 
plant of the Broad River Power Com- 
pany at Parr Shoals, S. C., has gone 


i service. Construction of this unit 
\ started last November and has 
Co-l $3,000,000. The ultimate capacity 
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of the plant, which forms part of the 
General Gas & Electric Company’s sys- 
tem, will be 75,000 kw. It will be linked 
with the plants at Columbia, Spartan- 
burg and Gaffney by a _ 110,000-volt 
transmission line. 





San Francisco Again the Theater of 
Spectacular Illumination.—The beauties 
of the Panama-Pacific Exposition of 
1915 were recalled when the diamond 
jubilee in honor of the seventy-fifth an- 
niversary of California’s admission+ to 
the Union was observed in San Fran- 
cisco September 5 to 12. One of the 
outstanding features of the celebration 
was the spectacular illumination. At 
the approach to the City Hall was the 
“Are des Brillants,” studded with 40,000 
“jewels.” Back of this was the bril- 





liantly floodlighted building, and over 
this a battery of powerful colored 

















searchlights pierced the sky with an 
auroral display. At each side of the 
city hall was a radio fountain, inter- 
preting broadcast music in motion and 
color. Along the streets were cartouche 
and banner-bearing standards, and 
along the “Path of Gold,” or Market 
Street, there were streamers of lights. 
The illumination was carried out under 
the direction of W. D’Arcy Ryan of the 
illuminating engineering laboratory 
of the General Electric Company. 





Eastern States Utility Company 
Buys Fayetteville (N.C.) Plant.—Head- 
quarters for another light and power 
company have been established at 
Kinston, N. C., which, with Scranton, 
Pa., is general headquarters for the 
Eastern States Utility Company. The 
last-named company has just added the 
Fayetteville (N. C.) Light & Power 
Company to a string of subsidiaries 
controlled from Kinston. The Eastern 
States Utility Company has electrical 
properties in several other states, in- 
cluding Maryland and the Carolinas, 
and negotiations are said to be under 
way for plants in New York and 
Florida. The Fayetteville property is 
understood to be capitalized at $150,000. 
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Manitowoc Yields to Wisconsin Com- 
mission.—The city of Manitowoc has 
finally decided not to fight the order 
recently handed down by the Wisconsin 
Railroad Commission in connection with 
rates for electric service to city de- 
partments which were found to be 
lower than the cost of production. The 
city’s utility committee, as previously 
reported, had fixed a rate of 1 cent a 
kilowatt-hour for service to the city 
departments and an eight-dollar rate 
for street lighting. Rates will now 
revert to the old schedule of 24 cents 
for city departments and $10 for street 
lighting. 





Expansion in South Texas.—The San 
Antonio Public Service Company, 
through its subsidiary, the South’Texas 
Public Service Company of San Antonio, 
which has just been incorporated, with 
a capital stock of $100,000, will enter 
the electric power distribution field of 
south Texas on an extensive scale, ac- 
cording to W. B. Tuttle, president of 
the new company. It will obtain power 
from the plant which the Comal Power 
Company, also a subsidiary of the San 
Antonio Public Service Company, will 
construct near New Braunfels. The new 
company’ plans to furnish electric power 
to Seguin, New Braunfels, Luling and 
a number of other towns in the terri- 
tory around San Antonio. It has al- 
ready started construction of its sys- 
tem of power lines. 


New Officers Elected at Glenwood 
Springs Convention.—In addition to the 
election announced last week of Arthur 
Prager and E. F. Stone as presidents 
respectively of the Rocky Mountain 
Division, N. E. L. A., and the Colorado 
Public Service Association, these officers 
were elected at the recent Glenwood 
Springs convention: Rocky Mountain 
N. E. L. A.—First vice-president, E. P. 
Bacon, Casper, Wyo.; second vice- 
president, Clare N. Stannard, Denver; 
third vice-president, W. C. Sterne, 
Denver; treasurer, A. C. Cornell, Den- 
ver; secretary, O. A. Weller, Denver. 
Colorado Public Service Association— 
First vice-president, J. F. Greenawalt, 
Denver; second vice-president, Howard 
S. Robertson, Denver; secretary-treas- 
urer, O. A. Weller, Denver. 





Goodwin Tells League Story to Bos- 
tonians.—Opportunities for service in 
the electrical industry were the theme 
of an address before the Metropolitan 
Electrical League of Boston on Septem- 
ber 18 by William L. Goodwin, vice- 
president Society for Electrical Develop- 
ment. National progress in the elec- 
trical league movement was recounted, 
and the value of the “red seal” plan ex- 
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plained in the light of the recent league 
meeting at Association Island. The fol- 
lowing officers were elected for the 
coming year: Chairman of the board, 
E. W. Longley; president, H. T. Sands; 
vice-president, Frank S. Price; secre- 
tary and treasurer, J. J. Caddigan. 
F. H. Goulding, George H. Cox, Robert 
Ringer, A. L. Smith, J. A. Feeley and 
Sears B. Condit were added to the 
directorate. 


New York Electrical Exposition to Be 
Held October 14-24.—- The eighteenth 
annual Electrical and Industrial Exposi- 
tion will be held in the Grand Central 
Palace, New York City, October 14 to 
24. Three entire floors will be re- 
quired to show the new models of elec- 
trical equipment already known to the 
public and for electrical devices in- 
vented or perfected within the last 
year. This exhibit will include forty 
makes of electrical refrigerators and 
twenty kinds of household tools in addi- 
tion to the familiar washing machines, 
vacuum cleaners, ironing machines and 
so forth. Approximately 20,000 elec- 
trical appliances and devices will be 
on display. The United States govern- 
ment will be the largest single exhibitor 
at the exposition. 


Coming Meetings of Electrical 
and Allied Societies 


of electrical 
secretaries, is 
issue of each 
list see ELEc- 
page 50.] 


{A complete directory 
associations, with their 
published in the first 
volume. For latest 
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National Safety Council—Cleveland, 
Sept. 28-Oct. 2. W. H. Cameron, 168 
N. Michigan Ave., Chicago. 

Empire State Gas and Electric Asso- 
ciation—Lake Placid Club, N. Y., 
Oct. 1-2. C., H. B. Chapin, Granda 
Central Terminal, New York. 

American Electric Railway Associa- 
tion—Atlantic City, N. J., Oct. 5-9. 
J. W. Welsh, 292 Madison Ave., New 
York, 

National 
Utilities Commissioners 
ton, D. C., Oct. 13-16. J. B. Walker, 
270 Madison Ave., New York. 

Klectric Power Club—Briarcliff Manor, 
N. Y., Oct. 19-22. S. N. Clarkson, 
B. F. Keith Bldg., Cleveland. 

Edison Illuminating 
Companies — New Arlington Hotel, 
Hot Springs, Ark., Oct. 19-23. Pres- 
ton S. Millar, 80th St. and East End 
Ave., New York. 

Association of Railway ] 
gineers—Hotel Sherman, Chicago, 
Oct. 20-24. J. A. Andreucetti, 413 
Cc. & N. W. Terminal Station, Chi- 
cago. 

American 
Oct. 
39th St., New 

Kansas Public 
Topeka, Oct. 
Topeka, *Kan. 

Iowa State Association of Electrical 
Contractors and Dealers—Waterloo, 
Iowa, Oct. 27. ‘ 

Southeastern Geographic Division, N. 
E. L. A.—Chattanooga, Tenn., Oct. 
29-30. E. T. O'’Connell, Alabama 
Power Co., Birmingham. 

American Engineering Council — Ad- 
ministrative Board, Columbus, Ohio, 
Oct. 29-30. L. W. Wallace, 26 
Jackson Place, Washington, D. D. 

Public Utilities Association of West 
Virginia—Charleston, W. Va., Oct. 
30-31. A. Bliss McCrum, 514 
Charleston National Bank Bldg., 
Cherleston, W. Va. 

Associated Manufacturers of Electrical 
Supplies—New York, Nov. 9-13. F. 
Nicholas, 30 East 42d St., New York. 


Association of Railroad and 
Washing- 


Association of 


Electrical Tin- 


Welding 
21-23. M. M. 


Society—Boston, 
Kelly, 29 West 
York. 

Service Association— 
22-23. H. Lee Jones, 
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Men of the Industry 





C. F. Hirshfeld New Chairman of 
Technical Section 


C. F. Hirshfeld, who has been ap- 
pointed chairman of the Technical 
National Section of the National Elec- 
tyic Light Association, as announced 
previously in the ELECTRICAL WORLD, 
has been chief of the research depart- 
ment of the Detroit Edison Company 
since 1914. His work with the Detroit 
company has been of a varied char- 
acter, and in addition Mr. Hirshfeld 
has conducted a miscel'aneous consult- 
ing engineering business from 1902 to 
date. 

A native of San Francisco, he at- 
tended the University of California, 
from which he was graduated in 1902 
with a B. S. in electrical engineering, 
three years later receiving the M. M. E. 





C, F, HIRSHFELD 


degree from Cornell University. From 
1903 to 1914 he was a member of the 
engineering faculty of Cornell, start- 
ing as instructor in experimental engi- 
neering and ending as full professor 
of heat-power engineering, machine de- 
sign, gas-power engineering, etc. Mr. 
Hirshfeld has been extremely active 
in association work, having served as 
a member of various committees of the 
American Society of Mechanical Engi- 
neers and the American Institute of 
Electrical Engineers, as past-chairman 
of the steam turbine and generator 
committee of the Association of Edison 
Illuminating Companies and as _ past- 
chairman of the prime movers commit- 
tee of the National Electric Light Asso- 
ciation. He is the author or co-author 
of five books on engineering subjects. 


——__.—__—_ 


Robert D. Funkhouser, assistant sec- 
retary and treasurer of the Deleo-Light 
Company, Dayton, Ohio, has been pro- 
moted to the office of vice-president 
after an association with the company 
which dates back to 1916. For four 
years prior to 1916 Mr. Funkhouser was 
auditor of the Dayton Engineering Lab- 
oratories Company, and he was made 
secretary and treasurer of the Domestic 
Engineering Company when that or- 
ganization started the manufacture of 
electric plants for rural service. Under 


the reorganization effected at the be- 
ginning of 1920 the new company, now 
the Deleo-Light Company, became a 
subsidiary of the General Motors Cor- 
poration. This recent advancement 
comes as a deserved recognition of the 
service Mr. Funkhouser has _ rendered 
as assistant secretary and assistant 
treasurer. He will retain the position 
of assistant secretary. 
a 


John F. Maxwell, formerly connected 
with Stone & Webster, Inc., has affili- 
ated himself with the Edison Electric 
Illuminating Company of Boston. 


E. L. Pillers, manager of the Illinois 
Power & Light Corporation’s office at 
Eldorado, Ill., and prior to that in 
charge of the plant at Du Quoin, IIl., 
has been transferred to the engineering 
department of the company at the St. 
Louis headquarters. 


B. R. Amsden has affiliated himself 
with the Malden (Mass.) Electric Com- 
pany, one of the properties of Charles 
H. Tenney & Company of+Boston. 


D. B. McDonald of Lebanon, Mo., has 
been appointed general counsel of the 
State Public Service Commission by 
Governor Baker to succeed L. H. Breuer, 
who resigned. Mr, McDonald has been 
serving as assistant general counsel. 


Herbert C. Hill has been appointed 
head of the western and southwestern 
division of the generating department 
of the Edison Electric Illuminating 
Company of Boston to fill the position 
left vacant by the death of the late 
Harry B. Bullen. Mr. Hill has been 
affiliated with the Edison organization 
since 1907. 


Cedric J. Walker has entered the dis- 
tribution department of the New Eng- 
land Power Company at Worcester, 
Mass., to succeed Malcolm J. Quimby, 
who has been transferred to Provi- 
dence. A graduate of the Worcester 
Polytechnic Institute, Mr. Walker was 
formerly associated with the New Eng- 
land Power System, having been con- 
nected with the electrical construction 
forces at Vernon and Davis Bridge. 
More recently he has been in the em- 
ploy of the General Electric Company. 


David H. Moore, electrical engineer 
with Day & Zimmermann, Inc., Phila- 
delphia, since 1918, is severing his con- 
nection with that organization to become 
affiliated with the Ohio Brass Company 
at Mansfield, Ohio, as assistant to 
the secretary, H. L. Brown. During 
his association with Day & Zimmer- 
mann Mr. Moore engaged in electrical 
design work, supervised drafting, esti- 
mating and construction and made en- 
gineering reports in the consulting en- 
gineering service. His work covered 3 
diversified field of industries and virt™ 
ally all branches of the power, light) 
and railway business in Day & Zim 
mermann’s managed properties. Pre’ 
ous to his connection at Philadelph 
Mr. Moore spent eight years at 1! 
Schenectady and Pittsfield works of ' 
General Electric Company. 
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J. B. Clark, comptroller of the Delco- 
Light Company, Dayton, Ohio, has been 
appointed assistant treasurer of the 
company. Mr. Clark has been associ- 
ated with Delco-Light interests since 
1916, having served successively as 
general bookkeeper, auditor, assistant 
treasurer and comptroller. He will con- 
tinue to discharge the duties of comp- 
troller along with those of the new 
position. 

Roger Williams, one of the pioneers 
in the commercial development of the 
electric heating appliance business, has 
resigned from the Simplex Electric 
Heating Company, for which he had 
acted as New York representative for 
the past twenty-five years. He started 
as office boy with the Simplex organi- 
zation in 1896 and four years later was 
made New York agent. He continued 
in that capacity until 1922, when he be- 
came New York manager. He was one 
of the first to engage in electrical re- 
tailing entirely of appliances, having 
conducted a retail store in conjunction 
with the agency for nine years. Mr. 
Williams has announced that he is go- 
ing back into business for himself as a 


manufacturers’ agent handling electri- 


cal specialties. 

Frank G. Philo, who for the past six 
years has been engaged mainly in pre- 
liminary operation of power stations 
for Stone & Webster, Inc., on Sep- 
tember 1 became associated with the 
Southern California Edison Company 
as assistant superintendent of steam 
power generation. Mr. Philo will make 
his headquarters at the Long Beach 
steam plant No. 2. 


R. P. Waite, who was formerly con- 
nected with the Texas Power & Light 
Company as electrical engineer in 
charge of design, is now with the At- 
lantic Oil Producing Company of Dallas 
in the capacity of chief engineer of 
the property department. 


Wayne Patterson, sales manager of 
the Columbus (Ga.) Electric & Power 
Company, has been transferred to Al- 
bany, Ga., to act in a supervisory ca- 
pacity as a result of the purchase by 
the Columbus company of the Georgia- 
Alabama Power Company and the 
South Georgia Public Service Company. 
According to a statement made by R. 
M. Harding, manager of the Columbus 
Electric & Power Company, other mem- 
bers of the Columbus organization in 
all probability will be sent to southern 
Georgia to assist Mr. Patterson when 
the actual operation and management 
of the property is taken over. 


Prof. Henry H. Norris, formerly man- 
aging editor of the Electric Railway 
Journal and for a time an associate 
ecitor of the ELECTRICAL WorRLp, has 
resigned as assistant to the president 
of the McGraw-Hill Company, Inc., to 
alliliate himself with the Boston Ele- 
vated Railway as educational adviser. 
Professor Norris is eminently qualified 
fo. his new work in vocational educa- 
tion because of his broad experience as 
a!) educator and his long association 
w.th the railway field. He served as 
i’. ruetor at Johns Hopkins and for 
nteen years was on the faculty of 
ornell University, finally as head of 
the department of electrical engineer- 
inv. He left Cornell in 1913 to assume 
rial duties with the then existing 


ELECTRICAL WORLD 


“McGraw Publishing Company, and dur- 

ing all his subsequent service with that 
company and its successor, the McGraw- 
Hill Company, he has been in close touch 
with electric railway work. In addi- 
tion to his activities in connection with 
railway associations, Professor Norris 
is a fellow of the American Institute 
of Electrical Engineers, having served 
as manager from 1909 to 1912, a past- 
secretary of the Society for the Promo- 
tion of Engineering Education, and a 
member of the Engineers’ Club of New 
York. 








Obituary 


Carl Schwennicke, who was associ- 
ated with the Siemens & Halske Com- 
pany for a period of fifty years, died 
recently in Germany at the age of 
eighty-six. The deceased, who was 
well known in connection with teleg- 
raphy, electric signaling and electric 
measurement development, was a co- 
worker with the late Werner Siemens. 








Recent Court 
Decisions 


Power Dam Held Not a Nuisance.— 
In Elliott vs. Tallassee Power Company 
the Supreme Court of North Carolina 
affirmed the decision of the lower courts 
that the company’s dam and storage 
reservoir on the Yadkin River does not 
constitute a public nuisance. The 
plaintiffs contended that the making of 
the storage reservoir a short distance 
below their property had covered a 
public road which had been inade- 
quately replaced by a company-oper- 
ated ferry and that the reservoir 
forms a place where mosquitoes breed. 
The court held, however, that the com- 
pany had complied with the law au- 
thorizing the development in establish- 
ing and operating the ferry and that 
precautions had been taken against 
breeding mosquitoes. (128 S. E. 730.)* 








Employee of One Company Working 
on Premises of Another Not Servant 
of the Latter.—In Middlebrooks vs. 
Georgia Railway & Power Company 
the defendant sought to establish the 
relationship of master over a man who 
was killed by a defective switch while 
working on its premises, although the 
man was an employee of the Central 
Georgia Power Company and his pres- 
ence in a substation of the defendant 
was caused by the fact that the two 
companies were engaged in intercon- 
necting their respective lines. If the 
man had been held to be an employee 
of the company sued, the case would 
have come under the workmen’s com- 
pensation act and the liability of the 
Georgia Railway & Power Company 
would have been greatly reduced or 
possibly, under the particular facts of 
the case, have had no existence. The 
Court of Appeals of Georgia affirmed a 
verdict for the plaintiff, finding that 
temporary exercise of control over the 
workman did not transfer him from 


*The left-hand numbers refer to the vol- 
ume and the right-hand numbers to the 
page of the National Reporter S*stem. 
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the employ of the Central Georgia 
Power Company to that of the other 
company, that he was a licensee on the 
Georgia Railway & Power Company’s 
premises, and that. his heirs were 
entitled to damages because of his death 
through the last named company’s 
negligence. (128 S. E. 777.) 








Commission 
Rulings 


Maintenance of Depreciation Reserve 
in Cash Commended.—In the course of 
findings based on a valuation of the 
property of the Mandan Electric Com- 
pany the North Dakota Board of Rail- 
road Commissioners commended the 
company’s practice in maintaining an 
adequate fund to take care of deprecia- 
tion, saying: “Some criticism might be 
made of the manner in which the com- 
pany has handled the depreciation re- 
serve or retirement fund. At the same 
time the utility is to be commended for 
establishing and maintaining in cash a 
fund with which to retire or replace 
property at the end of its natural life 
or when sooner destroyed by the 
elements. This is a positive guarantee 
to the public that its service will be 
maintained. To the best of our know- 
ledge, this is the only utility in the 
state that has an adequate depreciation 
reserve represented by actual cash.” 








What Constitutes Rural Customers. 
—In establishing rules and regulations 
to govern the operation of the Willow 
River Power Company, the Wisconsin 
Railroad Commission thus. defined 
“rural customers” and “rural exten- 
sions”: “Rural customers are custo- 
mers located outside of the limits of 
cities and villages at such distance that 
their premises cannot be reached by the 
secondary lines of the local distribution 
system and who are engaged in farm- 
ing, gardening, stock raising or dairy- 
ing. Other customers desiring service 
and who are located adjacent to rural 
lines will be served from these lines and 
under the requirements of the rural 
rates and rules, provided that their 
monthly consumption of energy approx- 
imates the average consumption of the 
other customers on the line. The term 
‘rural extension’ relates to an extension 
made primarily to serve rural cus- 
tomers. Power and lighting customers 
whose premises are adjacent to the 
limits of villages and cities, and who 
can be adequately served from the 
secondary lines of the local distribu- 
tion system, shall, the commission 
ordered, be served under the local ex- 
tension rules at the local rates. Power 
customers and large users of energy 
for lighting or for lighting and power 
whose premises are outside of the limits 
of villages and cities, and who cannot 
be adequately served from the sec- 
ondary lines of the local distribution 
system, shall be served under the local 
extension rules if no rural customers 
are served from the extension. If rural 
customers are served from such exten- 
sions, the cost of the extension shall be 
prorated between the large consumer 
and the rural consumers in proportion 
to an estimate of their respective con- 
sumptions.” 
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Manufacturing and Markets 


First James H. MeGraw Award Presented 


Certificates Bestowed on Denton, Goeller, Taverner and Ball for 
Contributions to Advancement of Contractor-Dealer 


Industry—Judges Withhoid Medal This Year 


HE first presentation under the 
James H. McGraw awards estab- 

lished this year “to encourage individ- 
ual initiative and creative thinking 
among electrical men” took place on 
Thursday of this week at West Baden 
Springs, Ind., before the convention of 
the Association of Electragists Inter- 
national. The judges in this contest for 
the contractor-dealers’ medal and purse 
of gold decided to present four certifi- 
cates .of honorable mention to A. Penn 
Denton of Kansas City, Robert A. Goel- 
ler of New York, Walter H. Taverner 
of New York and William J. Ball of 
Moline, Ill., but withheld entirely any 
presentation of the medal under the 
clause of the conditions of the awards 
providing that in event no eligible con- 
tribution submitted in any one of the 
contests should be considered worthy, 
the judges are empowered to make no 
presentation of that award that year. 
The purse of one hundred dollars in 
gold was divided among the four re- 
cipients of honorable mention. The 
following committee appointed by the 
Association of Electragists acted as 
judges of the award: L. K. Comstock, 
James R. Strong, W. Creighton Peet, 
Louis Kalischer and Earl E. White- 
horne. The purpose of the McGraw 
awards was set forth in the May 30, 
1925, issue of the ELECTRICAL WORLD 
(page 1142). 

Mr. McGraw, in a letter which was 
read to the convention, said: 
well understood that 
the giving of this medal and this purse is 
purely symbolical. It would be manifestly 
impossible to attempt to make the intrinsic 
worth of such an award indicate any meas- 
ure of the importance or the value of the 
service for which it is given in commem- 
oration. The intent is rather to give public 
recognition and to express industry appre- 
ciation of a personal contribution to the 
advancement of the electrical industry 
which oftentimes may indicate and offer 
possibilities for good beyond appraisal. The 
medal and the purse are but the symbols 
of the honor and reward that should come 
to men who unselfishly gave of their time, 
their thought, their energy and their spirit 
to promote the interests of all electrical 
men. 

The committee has decided to give honor- 


I hope that it is 


able mention to four men. Each of these 
men has made a personal contribution to 
the advancement of the contractor-dealer 


branch of the electrical industry worthy of 
the award itself. In each case, however, 
there were conditions which in the minds 
of the judges removed them somewhat from 
the precise qualification and spirit of this 
award. But theirs is the kind of original 
thinking that the electrical industry should 
delight to honor, and it is extremely grati- 
fying to me to see a time and a place estab- 


lished for the public recognition of such 
services. There were many other entries 
of great interest. 

I have been deeply impressed with the 
evidence that has been presented in this 
contest and in the record of the past few 
years that the electrical contractor-dealer 
is making notable progress today in the 


development of his branch of the industry. 
There has come into the national councils 


of the contractor-dealers in the last several 
years a breadth of policy and purpose that 
has attracted general attention among elec- 
trical men. The economic and_ political 
status of the contractor-dealer in the bal- 
ance of the electrical industry has_ pre- 
sented a real problem for some time. There 
seems to be good promise that the way 
will be worked out within your own coun- 
cils and that the contractors and dealers 
of this industry are to enjoy more and 
more that prosperity, recognition and in- 
fluence to which their very vital importance 
to the industry entitles them. More and 
more it is being appreciated that in the 
adequate wiring of buildings and their com- 
plete equipment through effective merchan- 
dising lies the hope of electrical progress. 

The individual contributions on which 
these four “honorable mentions” were 
based are as follows: 

A. Penn Denton. — A. Penn Denton, 
president and chief engineer Denton 
Engineering & Construction Company, 
Kansas City, Mo., conceived the idea of 
establishing local electrical code com- 
mittees in cities throughout the United 
States and Canada as a means of im- 
proving National Electrical Code stand- 
ards, raising the quality of electrical 
construction materials and providing a 
better basis for fair competition among 
electrical contractor-dealers. 

Robert A. Goeller.—Robert A. Goel- 
ler, vice-president Hatzel & Buehler, 
Inc.. New York City, conceived the 
idea of a cross index and guide to the 
National Electrical Code, to be ex- 





panded to such a degree as to enabic 
any one to locate the rules of th 
code affecting practically any possibi: 
detail of construction, although ap- 
proached in the index from almost any 
conceivable angle of destination. Thi 
preparation of the index entailed a 
monumental work of analysis, compari- 
son and compilation, but by patient and 
exhaustive labor Mr. Goeller completed 
and published his index covering the 
1923 National Electrical Code, and it is 
now in use. 

Walter H. Taverner.—Walter H. Tav- 
erner, president Walter H. Taverner 
Corporation, New York, devised a 
method of using graphic charts to keep 
a running record of current costs on 
labor and material for electrical con- 
struction, and by co-operating in th« 
publication of a complete presentation 
of his system he made it generally 
available. This the judges consider 
to be a very valuable contribution 
to the contractor-dealer branch of the 
electrical industry, since the need for 
immediate and accurate information on 
the mounting cost of wiring jobs in 
process is vital and by the usual meth- 
ods of accounting is laborious and diffi- 
cult to maintain. 


William J. Ball.— William J. Ball, 
manager Tri-City Electric Company, 
Moline, Ill., contributed the very in- 


genious idea of solving the problem of 
dead stock on dealers’ shelves by secur- 
ing the co-operation of ten other con- 
tractor-dealers in Moline and Rock 
Island in a project to pool all the frozen 
stock of all these dealers in a co-oper- 
ative sale, 





A National View of Loeal League Work 


What Local Leagues Accomplish—Their Benefit to the Industry— 
Offer an Opportunity for Different Branches to Under- 
stand the Problems of the Others 


IEWING local leagues from a na- 

tional standpoint, discussing their 
activities, and pointing out just how the 
various local leagues accomplish good 
results, O. Fred Rost, president of the 
Newark Electrical Supply Company, 
Newark, N. J., presented a noteworthy 
paper at the annual league conference 
recently held at Association Island, 
Henderson Harbor, N. Y. Mr. Rost 
in his paper said: 

“The local league is a medium. which 
in its territory of operation dispenses 
messages and plans devices (1) to build 
up more active co-operation between all 
concerned, (2) to solve intra-industrial 
problems, (3) to produce better operat- 
ing conditions for all branches of the 
industry, and (4) to increase the use of 
electricity in the home or factory. In 
the local league the smallest contractor 
finds himself not merely on equal terms 
but actually on speaking terms with 
the central-station executive. The 
dealer meets his supply jobber in per- 

e 


son. The manufacturer has an oppor- 
tunity to get first-hand information on 
what is troubling the fellow to whom 
he expects to sell his goods. 

“Through the local league each mem- 
ber learns to understand the problems 
of the other. Difficulties are adjusted; 
misunderstandings are ironed out. A 
city or territory that has been a hot- 
bed of discontent and cut-throat com- 
petition can through the agency of a 
local league be converted into an area 
of real constructive, co-operative ac- 
tivity. Each new local league that be- 
gins to function immediately helps to 
strengthen the position in the commu- 
nity of each one of its members. !' 
helps continually to improve the ability 
of all of its members to serve them- 
selves, the general public and the 
dustry at large. 


Or NATIONAL BENEFIT 


“Manufacturers who operate Na- 
tionally will benefit to an increasing y 





SEPTEMBER 26, 1925 


larger degree wherever the natural 
growth in consumption of electrical ma- 
terials is accelerated through the busi- 
ness-producing activities with which 
most local leagues concern themselves. 
Central-station companies find more 
sympathetic understanding of their 
problems and greater willingness to 
co-operate wherever local leagues have 
given them an opportunity to tell their 
own story to the other league members. 
Jobbers find a more healthy and satis- 
factory field for their activities where 
contractors and dealers, through con- 
tact with them. in the local league, have 
learned to understand just what the 
jobber’s problem consists of. Con- 
tractors and contractor-dealers enjoy 
never-before-hoped-for prosperity where 
they themselves help to make a local 
league operate successfully. 

“Now, if we were to analyze all the 
things I have said in support of league 
work, we would readily find that, if 
brought down to what it really means 
to each interested member and if inter- 
preted in plain English, league work 
actually spells ‘more profit’ — more 
profit not only to those immediately 
connected with each league, but more 
profit to the industry at large, simply 
because through league work the ability 
of the industry to serve the public is 
continually improving. The man who 
originated the slogan ‘He profits most 
who serves best’ absolutely knew what 
he was talking about.” 

How a local league accomplishes all 
the above claims was pointed out by 
Mr. Rost as follows: 

“Each local league actually is noth- 
ing more or less than a local mouth- 
piece through which the electrical in- 
dustry of the nation speaks to the 
public. It is the local broadcasting sta- 
tion through which people learn of all 
the things that the electrical industry 
at large puts at the disposal of its 
customers. It is like a transformer 
station of a. huge power system. All 
that is chiefly because a league provides 
the entire industry within its immediate 
zone of activity with one means of com- 
munication which otherwise no amount 
of money can buy, namely, the word-of- 
mouth message. If we wish to employ 
to the utmost that most effective, and 
incidentally most inexpensive, advertis- 
ing medium to spread the message ‘Do 
it electrically,’ how important from a 
national standpoint the work of the 
local league must be considered. 

“If, then, it is true that wherever 
local leagues are functioning properly 
the central-station company sells more 
power per capita; if the manufacturer 
of electrical materials, be he located in 
Maine or San Francisco, will get more 
business in a territory where a league 
is in operation; if, similarly, the jobber 
receives more business and finds more 
Satisfactory credit conditions, and, like- 
wise, the electrical contractor and 
dealer finds more and better opportu- 
nities for making 4a living profit when 
an electric league has speeded up the 
pulie to ‘do it electrically’—if all that 


's so, and we here, of course, know it 
to be true, then sure.y all of us who 
think of ourselves as integral parts of 
a iation-wide and nationally indispen- 
* e industry can do no better than 


) the local league work, 
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“It has often been said that a chain 
is only as strong as its weakest link. 
If, then, those who depend upon the 
electrical industry for a living will 
think of our nation as a chain and each 
city or territory as a link, it readily 
follows that, nationally speaking, the 
electrical industry can hope to attain 
the position to which it is rightfully 
entitled only when all the links in the 
chain have, through local league organ- 
izations, become strong links, each do- 
ing its part in upholding its position. 

“Then the hundreds of thousands of 
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dollars spent by central-station com- 
panies in so-called ‘good-will advertis- 
ing,’ the hundreds of thousands of dol- 
lars which electrical manufacturers 
spend each year in national advertising, 
the hundreds and thousands of pages of 
constructive reading matter carried by 
the national electric magazines—all 
these will become infinitely more effec- 
tive because the printed message be- 
comes a living thing when, in the work- 
shop of the local league, high-voltage 
national printer’s ink is transformed 
into low-voltage word of mouth.” 





Business Conditions 





try can be characterized as show- 

ing a steady trend with the out- 
look very promising. The favorable 
position ‘of utility companies, with 
their increasing ability to purchase, 
the improved buying of industrial firms, 
and the continually growing demand 
for electrical apparatus, with new appli- 
cations being steadily made, all point 
to growing sales. Manufacturers of 
electric furnaces, for instance, report 
steady sales increases of 25 per cent or 
better. The energy generated by cen- 
tral-station companies during the first 
six months of 1925 is 8.4 per cent 
greater than for the same period of 
1924. This increase is for the whole 
United States; but even when broken 
up into the five geographic divisions— 
the Middle Atlantic States, the North 
Central States, the Mountain Pacific 
States and the New England States— 
an increase still exists for each di- 
vision. In the September 19 issue of 
the ELECTRICAL WORLD, page 600, these 
facts are set forth in graphic form. 

In the New England district busi- 
ness shows a steady trend, building con- 
struction material and equipment are 
in active demand and sales of industrial 
heating apparatus continue with 
marked regularity. The sales volume 
has shown a decline in the New York 
district, chiefly owing to the lack of 
large orders. Orders for ventilating 
equipment for the vehicular tunnel and 
government orders for control equip- 
ment were placed in that district. Con- 
ditions in the Southeast are fairly sat- 
isfactory, though hampered by the dry 
weather. Large orders for construction 
materials coming from middle Georgia 
and south Alabama have materially 
helped to maintain the volume of busi- 
néss. Line and building construction 
is active in the Middle West, there is a 
good demand for electrically heated 
equipment for steel treating, and cen- 
tral-station equipment sales continue 
active. On the Pacific Coast the heavy 
volume of average business transacted 
earlier in the month has shown a gain 
owing to the placing of large orders. 


Been in the electrical indus- 


Domestic Electric Ranges in 
Increasing Demand 


HE domestic electric range, accord- 
ing to a prominent manufacturer 
of electric ranges, is taking hold with 
encouraging activity. In the Southern 


States and Western areas the demand 
from the standpoint both of quantity 
and regularity, is steadily increasing. 
Co-operation with leading central-sta- 
tion companies has added much in 
promoting sales, and educational cam- 
paigns have further stimulated inter- 
est. The development of improved 
patterns, together with new revisions 
in prices, as reported by another prom- 
inent manufacturer, will provide fur- 
ther attractions for prospective pur- 
chavers of this convenient household 
appliance, 


Metal Markets Less Active— 
Copper Prices Decline 


HE non-ferrous metal market has 
been less active than in the weeks 
immediately preceding, though actual 
consumption of the metals appears to 
be unabated. Sales of copper have been 
only half what they were last week, 
and the price has also declined, chiefly 
owing to active selling by ore company. 
Zine sales have been in satisfactory 
volume and the price has strengthened 
further, with lead and tin substantially 
unchanged from last week. All of these 
metals seem to be very firmly held, even 
through any temporary slackness of de- 
mand. On Thursday, Friday and Sat- 
urday copper generally sold around 148 
cents for Eastern deliveries, with 143- 
14% cents obtainable in the Middle West. 
On Monday and Tuesday, however, it 
has been more difficult to get these 
prices, and on Wednesday it appeared to 
be impossible to realize more than 144 
cents on such sales as have been made, 
which have been all to Eastern points; 
in fact, one sale was made at 14.45 
cents. One seller has been especially 
active all week and has sold more than 
all others put together, but at reduced 
prices. 
The American Smelting & Refining 








NEW YORK METAL MARKET PRICES 








Sept. 16, 1925 Sept 23,1925 


Cents per Cents per 
Found Pound 

Copper, electrolytic...... 14. 75-14.80 14} 
Lead, Am. 8. R. price 94 94 
oe Eee 17-174 17-17} 
i ee eee 33-34 33-34 
Zinc, spot....... SN St x. 8.10 8. 20-8. 22} 
Tin, Straits... . 59 58} 
Aluminum, 99 per cent 28 28 


Base copper price Sept. 23, 1925, 164 cents 
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Company continues its official contract 
price for New York lead at 93 cents. 
A comparatively small tonnage of 
prompt metal has been sold at 9.60 
cents, but the amount involved is small 
compared with the volume of contract 
sales. Sales of zinc have been in fair 
volume during the last week and the 
market has advanced slowly to 7% cents, 
which was paid for zinc on Wednesday. 
Forward metal has sold for about two 
and one-half points less. The strength 
in zine is very pronounced. There has 
been little activity in the tin market, 
though the price has remained fairly 
steady, with spot metal commanding a 
modest premium over future shipment. 


Contracts for Power in Chicago 
District Double Last Year 


ET contracted power business ob- 

tained so far this year by the Com- 
monwealth Edison Company, Chicago, 
is approximately 86,000 kw., as com- 
pared with 43,000 kw. for the entire 
year of 1924, according to George 
Harvey Jones, who is in charge of the 
sale of power. Of this amount 22,000 
kw. represents the initial load of the 
Illinois Central electrification, leaving 
64,000 kw. for general power, which is 
an increase of 50 per cent over last 
year. Of the new load approximately 
8,500 hp. represents the business ob- 
tained by the shutting down of isolated 
plants, the addition of new customers 
and an increase in the load of existing 
customers. 

Contracts with steel mills stand out 
predominantly, the Wisconsin Steel 
Company adding 5,000 hp., the Acme 
Steel Company 15,000 hp. and the Burn- 
side Steel Company recently putting 
into operation some large electric fur- 
naces. Another outstanding piece of 
business is that of the International 
Harvester Company, the load consist- 
ing of the electric service at the Tractor 
and McCormick works formerly served 
by the Sanitary District, this involving 
an initial maximum demand of 5,000 
kw. The adaptability of electric serv- 
ice to large commercial cooking loads 
has been demonstrated and good head- 
way has been made this year in that 
branch of the business. The Belden 
Apartment Building has been operating 
this commercial cooking service for 
nearly three years, and recently a con- 
tract was closed for complete electric 
cooking service for the new Shoreland 
Hotel. 


Steady Trend Marks Sales in the 
New England District 


UILDING construction material and 

equipment continue to be in active 
demand throughout the New England 
territory. Vigorous activity is reported 
in refrigeration. One prominent cen- 
tral-station company reports 216 apart- 
ment-house installations in 1925 to date 
and, in addition, over 160 sales of single 
refrigeration units for residences. In- 
dustrial electrical equipment is show- 
ing an upward trend, and in the opinion 
of a prominent manufacturer, based on 
a survey of this district, the outlook 
for fall business is very promising. 
Small-motor sales have gained in vol- 
ume during the past week, and steady 
demands for small-capacity sizes are 
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being made by manufacturers of oil- 
burning units and refrigeration equip- 
ment. Electric welding equipment is 
moving steadily and many inquiries 
from automobile industries are re- 
ported. Industrial heating continues to 
attract attention and sales of this type 
of equipment are reported with marked 
regularity. A 45-kw. brazing furnace 
was sold to a Boston manufacturer dur- 
ing the past week. 

Central-station supplies show an un- 
even trend in sales. Much of the out- 
side equipment has been ordered, ani 
inquiries for this class of material have 
slackened off somewhat; on the other 
hand, wire, control apparatus and cir- 
cuit breakers are in good demand. One 
manufacturer records good activity in 
the demand for switches and to date 
has carried on production in excellent 
volume. Household electric appliance 
sales are rapidly recovering from. the 
summer slump and show an encourag- 
ing trend. One manufacturer records 
a heavy demand for flatirons; in addi- 


tion, much interest is being shown in | 


electric ranges, washers and cleaners. 


Heavy Volume of Business Being 
Maintained on Pacific Coast 


HE past week has not only main- 

tained September’s heavy volume of 
average business on the Pacific Coast 
but has also shown a marked increase 
owing to some large orders being 
placed. For instance, sales of electrical 
material for incorporation in articles 
manufactured on the Pacific Coast have 
been very good, including such orders 
as 10,000 attachment plugs, $1,000 
worth of special heater switches and 
1,200 stand lamp clusters. Another fea- 
ture is the number and variety of wire 
orders, which have included not only 
standard rubber-covered wire in 5,000-ft. 
and 25,000-ft. lots for virtually all the 
contractors, but also many _ special 
orders, such as 1,000 ft. 500,000-circ. 
mil single-conductor 600-volt lead and 
cambric cable, 500 ft. 600,000-circ.mil 
three-conductor 3,000-volt lead and 
cambric cable and 200,000 ft. assorted 
rubber-covered and copper-clad_ wire, 
the latter being for shipment to the 
Philippines. 

Power and railroad company purchas- 
ing has been light, while government 
buying is good, especially for the 
Hawaiian district. Export sales to 
Mexico continue good. Dealers’ busi- 
ness from the Eureka and San Joaquin 
districts has been especially good. 
Prices have been’ growing’ rather 
weaker, especially in smaller quantities, 
although the bulk of purchasing con- 
tinues to be in package and other siz- 
able quantities. In the Northwestern 
section pole-line equipment is moving 
in considerable volume, the materials 
being used mainly for rural extensions. 


Sales Decline in New York 
District—Outlook Favorable 


ALES in the New York district, 

though not quite up to the volume of 
those in July and August in some cases, 
are reported as holding up well. The 
decrease is chiefly owing to the lack 
of very large orders this week. An 
order for $571,631 was, however, placed 
for fans, motors and transmission and 
control systems for the vehicular 
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tunnel. Government orders for switc}- 
ing and control equipment were also 
placed to the extent of about $32,000. 


Certain lines, such as theater control 
equipment, are very active at this 
period—a normal condition. Wiring 


device sales are reported as good, with 
very keen competition. Motor business 
is reported in good shape with the 
trend upward. 

Central-station companies are enter- 
ing the market daily for distribution 
equipment — transformers, watt-hour 
meters, etc. As expressed by more 
than one manufacturer of this equip- 
ment: “Our sales of this material are 
building up.” Jobbers report an im- 
provement in general business. Appli- 
ance sales are increasing, radio mate- 
rial is moving in increasing volume, and 
industrial plant buying has improved. 


Line and Building Construction 
Active in the Middle West 


Beatle for central-station equip- 
ment continues brisk in the Middle 
West. Pole-line hardware sales are 
slightly over last year, and utility com- 
panies are active in completing line ex- 
tensions prior to the advent of severe 
weather. Some measure of the annual 
expenditure of utility companies at the 
present time for additions and exten- 
sions was given by figures presented 
by a prominent utility official last week, 
who said that the five principal com- 
panies in Chicago are spending at the 
rate of 8 per cent of the plant invest- 
ment annually. 

A manufacturer of high-voltage 
switching equipment reports a slacken- 
ing of orders for early shipment, al- 
though the factory is running well on 
final shipments of unfilled orders. A 
manufacturer of electric furnaces re- 
ports a 25 per cent increase in the first 
nine months of 1925, compared with 
the whole of 1924. The demand for 
electrically heated equipment for stee! 
treating is marked. The market for 
electrical products associated with elec- 
tric furnaces is expected to be exeel- 
lent throughout the fall and winter. A 
large industrial lighting activity cam- 
paign is being organized in Ohio and is 
expected to be productive of increased 
business throughout that area. The de- 
mand for building construction mate- 
rial continues active. Retail business 
is good, and exceptional sales of bridge 
and portable lamps have been reported. 


Construction Materials in Active 
Demand in Southeast 


CONDITIONS in the Southeast are 

reported as fairly satisfactory, and 
one Atlanta jobber states that his busi- 
ness for the first half of September 
exceeded by 12 per cent the sales vol- 
ume for the same period last year. This 
increase is partly owing to several 
large orders received from middle 
Georgia and south Alabama for con- 
struction materials. The activity that 
was anticipated in the industrial fie!d 
has not yet materialized, but the gen- 
eral impression is that industrial firms 
will in the near future come into the 
market for supplies. Purchases by 
municipalities are about normal, and 
contractors are quiet, but here and there 
the more aggressive firms are placing 
orders for materials for particular Js. 
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in Florida the demand for all electrical 
materials is strong, but the embargoes 
on the east coast are causing some diffi- 
culty in the filling of orders. Very hot, 
dry and unseasonal weather is appar- 


ntly retarding the improvement in 
business. 
Appliances, heating devices and 


ranges are in better demand, part of 
the recent increase being due to the 
entrance of the Augusta-Aiken Railway 
& Electric Corporation into the mer- 
chandising field, and this company’s ter- 
ritory will offer a good market for 
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sometime to come. Projected cam- 
paigns for October on ranges and heat- 
ing devices will considerably stimulate 
sales in these lines. Supply lines gen- 
erally are in good demand, with com- 
mercial and industrial lighting equip- 
ment moving satisfactorily. Residential 
lighting fixtures maintain the brisk 
demand reported several weeks ago. 
Building contracts awarded during 
August in the nine Southeastern States 
amounted to $69,111,800, which is 26 
per cent greater than the same month 
last year. 








Activities of the Trade 





Holcroft & Company Open Office 
in Chicago 

Holeroft & Company, Detroit, con- 
structors of furnaces and heat-treating 
ovens, have established an office in Chi- 
cago. C. H. Martin has been appointed 
district sales engineer with quarters at 
1358 East Sixty-fourth Street. Mr. 
Martin was formerly connected with 
the industrial gas department of the 
People’s Gas Light & Coke Company 
of Chicago. 

The Holeroft company has installed a 
number of furnaces in the Detroit dis- 
trict, particularly in the automobile 
field. In that industry alone it installed 
5,000 kw. during the first six months of 
this year, and it has thirty-nine fur- 
naces in operation in the plant of the 
Ford Motor Company and nineteen in 
the plant of the Hudson Motor Com- 
pany. Electric furnaces constitute a 
iarge part of the company’s installa- 
tions although it makes furnaces for all 
forms of fuel. 

——_——_ 


Lincoln Electric Company Trains 
Electric Arc Welders 
The Lincoln Electric Company, Cleve- 


land, has formed a plan whereby it will 
extend in co-operation. with the Cleve- 


land School of Technology, the facili- 
ties -by which young men are being 
trained in electric arc welding. For 


the past two years the Lincoln Electric 
Company, builder of the “Stable-Are” 
welders, has been providing practical 
training in welding for students entered 
in the school, which is part of the 
Y. M. C. A. educational system. 

The plan which the Lincoln Electric 
Company has developed, and which is 
to be extended this year, provides for 
alternating five-week training courses 
by which half of the time of students 
is spent in the manufacturing plant 
and the remainder in the classrooms of 
School of Technology. Through 
the practical experience gained a the 
factory, where an opportunity is given 
to see not only how welders are made, 
but also to see the application of weld- 
ing in the construction of the “Link- 
Weld” electric motors, the students are 

trained as to make them practical 
welding experts upon graduation. 


the 


—— <> -—-- 


The Strand & Sweet Manufacturing 
Company, Winsted, Conn., announces 
that it has recently put into Chicago 


stock a very complete line of magnet 
wire. The company has recently en- 
tered the Western field and expects to 
carry on hand in Chicago a complete 
stock of all such numbers as are in 
general use by the electrical trade. 
The Western representative of the com- 
pany is W. F. Bomke, 37 South Des- 
plaines Street, Chicago. 





Westinghouse Gets Order for Con- 
verter and Other Equipment 


An order has been recently placed 
by the Public Service Production Com- 
pany, Newark, N. J., with the Westing- 
house Electric & Manufacturing Com- 
pany for a 13,900-kva. frequency con- 
verter to be installed in the Plainfield 
(N. J.) station of the Public Service 
company. The Westinghouse company 
has also received a contract from the 
Pennsylvania Coal & Coke Company 
for complete electrical equipment for 
four automatic mining substations. AI- 
though the total power rating for the 
four stations is but 1,100 kw., the sta- 
tions are said to be unusual in that 
the operation and control are entirely 
automatic. 

Complete generating and distribution 
equipment, consisting of a waterwheel 
generator, transformers and switching 
equipment, has also recently been con- 
tracted for by the Salt River Valley 
Water Users’ Association of Phoenix, 
Ariz., from the Westinghouse company. 
The association is primarily an irriga- 
tion development corporation, but it 
manufacturers power as a by-product 
from its storage reservoirs. 


—_ ———— 


Safety Insulated Wire Acquires 
Phillips Wire Company 


The Safety Insulated Wire & Cable 
Company, 114 Liberty Street, New 
York, which will hereafter be known as 
the Safety Cable Company, has formed 
a merger with the Phillips Wire Com- 
pany, Pawtucket, R. I. A public offer- 
ing was made this week of 125,000 
shares of no-par-value common stock 
of the Safety Cable Company. It is 
stated that the Safety Cable Company 
is to acquire at least two-thirds of the 
preferred stock and at least two-thirds 
of the common stock of the Phillips 
Wire Company. 

The plant of the Safety Insulated 
Wire & Cable Company, located at 
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Bayonne, N. J., has an aggregate floor 
space of 200,000 sq.ft. and a copper-con- 
suming capacity of approximately 15,- 
000,000 Ib. annually. The plant of the 
Phillips Wire Company, located at Paw- 
tucket, R. I., has an aggregate floor 
space of 350,000 sq.ft. and a copper- 
consuming capacity of approximately 
50,000,000 Ib. annually. The manage- 
ment of the two companies wiil be 
under the direction of the executives of 
the Safety Cable Company. 


a 


The Union Metal Manufacturing 
Company, Canton, Ohio, announces that 
a Chicago district office will be opened 
on October .1 at Room 1935, Illinois 
Merchants’ Bank Building, Chicago, in 
charge of E. M. Peake, district man- 
ager, and F. T. Turner, manager of the 
street-lighting department. Mr. Peake 
has had long executive and selling ex- 
perience in the steel business, and Mr. 
Turner was formerly street-lighting 
specialist for the General Electric Com- 
pany in the Chicago territory. 

The Charles A. Etem Company, Los 
Angeles, electrical and radio manufac- 
turers’ agent, announces that it has 
moved to 3733 Southwestern Avenue, 
where larger quarters and better facili- 
ties for carrying stocl:s are provided. 


The Pettingell-Andrews Company, 
Boston, electrical jobber, announces th< 
appointment of William J. Day as sales 
manager in charge of city sales an:i 
counter sales. The company also an- 
nounces the appointment of J. H. Sul- 
livan as service manager. 


The Spencer Turbine Company, Hart- 
ford, Conn., has awarded a contract for 
the erection of a two-story brick addi- 
tion, 43 ft. x 152 ft. in size. The first 
floor of the new building will be used 
for offices, while the second will be de- 
voted to manufacturing operations. 


The Electric Storage Battery Com- 
pany, Philadelphia, manufacturer of 
“Exide” batteries, is planning the erec- 
tion of a large assembling plant and 
warehouse in San Francisco for the 
purpose of rendering better service to 
its*customers on the Pacific Coast and 
in the Hawaiian Islands. The company 
has purchased a piece of property on 
Third Street, just north of Paul Ave- 
nue, with an area of 82,500 sq.ft., on 
which it plans to erect a modern fac- 
tory-type reinforced-concrete building 
at an estimated cost of $200,000. 


The General Electric Company has 
awarded a general contract for the erec- 
tion of a one-story addition to its West 
Lynn (Mass.), plant, 55 ft. x 100 ft. in 
size. 


The Albert Sechrist Manufacturing 
Company, 1717 Logan Street, Denver, 
manufacturer of lighting fixtures and 
pressure-type cookers, announces the 
appointment of R. M. Jacks as sales 
manager. 


The Pacific States Electric Company, 
has opened its ninth branch office anid 
warehouse at 206 West Market Street, 
San Diego, Cal. It will carry full 
stocks of a complete line of electrical 
merchandise. R. A. . Pearson has 
charge of the new branch, having been 
transferred from the Portland branch 
of the company. The company now 
has branches in San Diego, Los An- 
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geles, Long Beach, San Francisco and 
Oakland, all in California; Phoenix, 
Ariz.; Portland, Ore.; Seattle and 
Spokane, Wash. 


Bell & Thomas, Inc., 232 North 
Eleventh Street, Philadelphia, electrical 
supply jobbers, announce that since 
September 1 they have been formally 
open for business and that they are 
equipped to provide for the require- 
ments of the trade. 


The Westinghouse Electric & Manu- 
facturing Company will not open a 
service station at New Haven, Conn., 
in addition to one at Springfield, Mass., 
as was recently announced in the 
ELECTRICAL WORLD. The company al- 
ready has such a service station at 
Bridgeport, Conn., and is not contem- 
plating the establishment of another 
at New Haven. 


The Sager Electrical Supply Com- 
pany, Boston, has established a branch 
office at 217 Commercial Street, 
Worcester, Mass., under George B. 
Dennison as manager, and another at 
849 Worthington Street, Springfield, 
Mass., under Albert D. Murphy. Busi- 
ness has increased so rapidly of late 
that the main store of the company in 
Boston has been enlarged. The com- 
pany also maintains branches at Lynn 
and Brockton, Mass. 


Gates & Hawks, Inc., 30 East Forty- 
Second Street, New York, manufac- 
turers’ agent, has been incorporated by 
Victor F. Gates and Julian A. Hawks, 
Jr., to represent the Garland Manufac- 
turing Company, Pittsburgh, producers 


of “Galvaduct” and “Loricated” con- 
duits. The company announces that 
adequate warehouse facilities have 


been established at 15 Vestry Street, 
New York. 


The Foxboro Company, Inc., Fox- 
boro, Mass., manufacturer of indicat- 
ing and recording instruments, an- 
nounces that it has developed a new 
chart holder that provides several im- 
provements over the former method of 
chart retention. 


The Electric Storage Battery Com- 
pany, Nineteenth Street and Allegheny 
Avenue, Philadelphia, will soon approve 
plans for its proposed factory branch 
on West Third Street, San Francisco, 
to be one and two stories in height, 
estimated to cost about $125,000. 


The Black & Decker Manufacturing 
Company, Towson, Md., announces a 
very substantial price reduction on its 
Nos. 8 and 81 portable electric drills. 


The Killark Electric Manufacturing 
Company, 3940 Easton Avenue, St. 
Louis, manufacturer of switches, fuses, 
conduit fittings, etc., is reported to be 
planning for the early rebuilding of 
the portion .of its works, recently de- 
stroyed by fire with a loss approxi- 
mating $25,000, including equipment. 

The Monitor Controller Company, 
Baltimore, manufacturer of au.omatic 
motor-starter and control apparatus 
end edgewound resistors, announces the 
establishment of a branch office in 
Washington, D. C. This office will be 
in the Evening Star Building at Elev- 
enth Street and Pennsylvania Avenue 
and will be in charge of C. P. Speaker, 
with territory embracing the District 
of Columbia, State of Virginia and the 
southern portion of West Virginia. 


‘This 
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Liquid Level Gage 


A liquid level gage for liquid under 
pressure, made in both indicating and 
recording models, has been placed on 
the market by the Foxboro Company, 
Inc., Foxboro, Mass. The instrument 
is designed to give accurate readings 
of the level of a liquid under pressure, 
as a boiler or a_ pressure-type still. 
When applied to a boiler it is said that 
the instrument will record erratic boiler 
feed, surging and other boiler-level ills. 
By placing an indicating model directly 
in front of the water tender an accu- 
rate indication of the water level is 
provided, 

The fundamental principle is that of 
the well-known mercury-float type 
differential mechanism, in which the 
diference of pressure on each leg of a 
mercury U-tube causes a deflection of 
the mercury, actuating the pen arm 
through the rise and fall of the float. 
float is connected to the pen 
through a patented pressure-tight, non- 
corrosive, frictionless bearing. 


Sn 


Flow Indicator 


The “H-J-M” flow indicator for meas- 
uring the flow of water through trans- 
former cooling coils, the bearings of 
prime movers, etc., has been developed 
by Hanson, Jones & Morey, 810 West 
Sixth Street, Los Angeles. The indi- 
cator is a simple, compact instrument 
embodying the standard orifice prin- 
ciple. It may be set up anywhere in 
the line, in either a vertical or horizon- 
tal position, and will show when a flow 
is taking place and indicate how much 
—in gallons per minute or in any stand- 
ard desired. It contains no moving 
parts or other mechanisms, will not 
corrode and is positive and reliable at 
all times. The apparatus is so arranged 
that the indicator body can be installed 
at any distance from the meter body. 
The indicator can thus be mounted on 
an instrument board easily accessible 
to the operator. These instruments are 
available in any size up to and includ- 
ing 4 in. 





Motor-Operated Mechanism for 
Disconnecting Switches 


A motor-operated mechanism for 
controlling disconnecting switches from 
a distant point has recently been placed 
on the market by the Westinghouse 
Electric & Manufacturing Company. It 
consists essentially of a §-hp., 125-volt 
direct-current motor with worm-gear 
driving mechanism, control relay and 
cam switch, all mounted in a weather- 
proof box which is finished in gray 
rust-proof paint. The box has a main 
door which when opened permits access 
to the entire outfit. A smaller door is 
built into the main door, and this when 
opened breaks the circuit and permits 
hand operation of the main switch by 
use of a removable handle. 

The apparatus is of very light 
weight and, therefore, may be mounted 
on the same structure as the switch, 


no special structure being required. 
The mechanism will operate the switch 
in reverse without reversing the motor. 
Its operation is controlled by a switch- 
operating relay, the time being from 
seven to ten seconds. If by chance the 
door should be opened while the motor 
is running, the motor will stop quickly 
as it is equipped with a magnetic 
brake, but when the door is closed 
again it will start and complete the 
cycle of operation. 


a 


Roller Bearings 


An improved type of Timken roller 
bearings, differing from the former 
bearing in major refinements but re- 
taining all essential elements, is now in 
production, acording to the Timken 
Roller Bearing Company, Canton, Ohio. 
Nickel-molybdenum steel of special 
formula has been adopted for all the 
new bearings. Noteworthy refinements 
include a change in the design of the 
roll so that the surface of the large end 
presents a right-angle relation to the 
center line of the roll, and the cage has 
been improved along with the cone and 
roller assembly. The new bearing is 
said to be more quiet in operation, and 
in addition shows a material reduction 
in the coefficient of friction. 


—_—»—_—__ 


Fused Cabinet. — The “Bull Dog 
Safety Fusenter” is the trade name 
given a fused cabinet that has been 
placed on the market by the Mutual 
Electric & Machine Company, Detroit, 
for use in house-wiring installations. 
The panel is ornamental with a lumin- 
ized finish and designed to be installed 
flush with the wall surface in any 
room, hall or stairway of a building, 
wherever most accessible for the re- 
placement of a fuse. It contains no 
exposed live parts. 


Arce Welder.—The latest addition to 
the General Electric automatic arc- 
welding line is equipment especially de- 
signed for the construction of range 
boilers and small tanks. This equip- 
ment includes two separate automatic 
arc-welding machines, one for welding 
longitudinal seams and the other for 
circular seams. Tank sizes accommo- 
dated run from 11 in. to 33 in. in diam- 
eter and up to 6 ft. in length. 


Floodlight Projector. — A floodlight 
projector in which ventilation has been 
entirely dispensed with and the cast 
aluminum-alloy case has an absolutely 
tight closure, with machined surfaces 
at the door joint and a soft-lead pack- 
ing ring, has been developed by the 
Pyle-National Company, 1334 North 
Kostner Avenue, Chicago. Ventilation 
is said to be unnecessary in this new 
design, since sufficient radiating su'- 
face insures safe interior temperatures 
for the glass reflector and lamp whe" 
using 1,000-watt and 1,500-watt lam: 
The focusing of this unit is done ©” 
tirely from the outside of the case. 
is known as the type No. 2375 pro- 
jector. 
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Construction 
News 


Projects, Plans, Bids and Contracts, | 
Contemplated or Under Way 


Middle Atlantic States 


BUSTI, N. Y¥.—The 
planning a street-lighting 





Board is 
to cost 


Village 
System 


about $5,000. 

GLEN COVE, N. Y¥.—The City Council 
has contracted with the Long Island Light- 
ing Company for the installation of an 
improved lighting system on all principal 
streets, 

BUFFALO, N. Y.—Plans for the new 
laundry plant of the Dates Laundry Com- 


pany, on Kenmore Avenue, provide for a 


power plant. 


WARSAW, N. Y.—The town boards of 
lava, Java Center and North Java are 
negotiating with the Buffalo, Niagara & 
astern Power Corporation for a_ street- 


lighting system on the principal highways. 
\ street-lighting system for the village of 
Strykesville is also being considered. 

HOBOKEN, N. J. The Public Service 
Klectric & Gas Company, Newark, has filed 
plans for a two-story brick power station at 
613-15 Washington Street, to cost about 
$130,000. 

TRENTON, N. J.—The City Commission 
is arranging for the early installation of an 
ornamental lighting system on portions of 


Rosemont Avenue, Oak Lane and Belmont 
Circle. 
TOWANDA, PA.—The Towanda Gas & 


Electric Company has made application for 
permission to take over and consolidate 
twenty electric light and transmission utili- 
ties in Bradford County. Ixxtensions are 
planned in transmission lines. 
ALLENTOWN, PA. — The City Council 
has plans for a modern and improved elec- 
tric traffic control system at Centre Square. 
YORK, PA.— The York Manufacturing 
Company plans the building of a duplex 
13,500-volt, three-phase transmission line 
to connect its two manufacturing plants. 
NEWARK, DEL. — The Wilmington & 
Philadelphia Traction Company, Wilming- 
ton, will proceed with the construction of a 


transmission line in this section, to be ex- 

tended to Elkton and Charlestown, Md. 
FAIRMONT, W. VA. The Hardy Coal 

Company, 8&5 Exchange Street, Portland, 


Me., plans the installation of electric power 
equipment and mining mac hinery at its 
properties in the Thacker district. 


North Central States 


MARQUETTE, MICH The Michigan 
(jas & Electric Company, Ishpeming, has 
plans under consideration for the construc- 


one-story steam-operated 
local site A transmission 


tion of a 
plant on 


power 
line is 


also. projected from this place to the 
vicinity of Ishpeming. 
CHARDON, OHIO.—The Cleveland Elec- 
tri [Llluminating Company, Cleveland, has 
ide an offer of $33,000 for the municipal 
electric lighting plant and proposes to fur- 


nish local service. A transmission line will 


be built. 
KENMORE, OHIO. - Plans are being 
onsidered by the City Council for extension 
of the ornamental lighting system through- 
the business section. 


GRAHAM, KY.—The Kentucky Utilities 


(‘ompany, Louisville, is said to have plans 
under way for the construction of a trans- 
! sion line in this section to be used 


arily for service in the coal fields. 


SOLWAY, KY.—The construction of a 
ver plant on Beaver Creek, near Solway, 


eported to be under consideration. Steps 
been taken by the Beaver Power & 
ing Company to secure a_ site for 


dam, 
KNTER POINT, IND.—The Lyons Clay 


lucts Company, recently organized, 
the construction of a power house 
S proposed local plant for the manu- 


ire of tile and other fireproofing prod- 


John B. Lyons, Jr., Brook, Ind., 

the company. 
LAT ROCK, IND.—The Winterrowd 
I rice Company has been incorporated 


lat Rock, Ind., with a capital stock of 
', to sell and manufacture electricai 
‘y for that town. The incorporators 
Sarah, John T., and Harry S, Winter- 


ELECTRICAL WORLD 


(GREEN BAY, WIS.—The installation of 
ornamental lamps on the Main Street bridge 
to the railroad tracks, on Walnut Street 
bridge and on St. George Street extending 


one block north of Main Street is con- 
templated. 
BEJOU, MINN.—The Croswell Power 


(Company has plans under way for the erec- 


tion of a one-story substation A trans- 
mission line will also be built for local 
light and power service. 

STILLWATER, MINN. — The _ installa- 


tion of an ornamental lighting system on 
Main Street is under consideration by the 
Business Men’s Association. 


SCHLESWIG, TOWA. — The municipal 
electric light plant has been sold to the 
lowa Light, Heat & Power Company, Car- 
roll. A twenty-five-year franchise has been 
given the company. 

WEBB, IOWA.—The local 
has been acquired by the Iowa 


electric plant 
Railway & 


Light Company, Cedar Rapids. The com- 
pany plans to erect a high-tension line to 
Webb to furnish service here, by April, 
1926. 

KANSAS CITY, MO. — The Missouri 
Hydro-Electric Pover Company, Kansas 
City, has applied for permission to use 
water from the Eleven Point River in 
Oregon and Howell Counties, Mo., for a 


hydro-electric project, reported to 


cost $500,000. 

ST. LOUIS, MO.—The Schleicher Paper 
Box Company, 1811 Chouteau Street, plans 
to install electric power equipment in its 
proposed plant on Bingham Street, to cost 
about $100,000. 


power 


Southern States 


CLANTON, ALA.—The Alabama Power 
Company, Birmingham, plans to extend its 


transmission line from Clanton to Verbena, 
Coopers, Mountain Creek and Marbury, a 
distance of 15 miles. 


MICAVILLE, N. C.—The North State 
Feldspar Corporation will proceed with the 
construction of a steam-operated electric 
power plant for service at its local proper- 
ties. S. J. Hamilton is president. 

BENNETTSVILLE, S. C.—Plans for tho 
rebuilding of the Schoefield Carolina Mills, 
recently destroyed by fire, include a power 
plant and installing electrical equipment 
throughout. 

MEIGS, 


GA. — The Georgia-Alabama 


Power Company, Albany, is planning for 
the electricification of the municipal water- 
works, for which a contract has been se- 
cured from the city. The company re- 
cently acquired the property of the Meigs 


Light & Power Company and contemplates 
extensions and improvements. 


NOCATEE, FLA.—The King Lumber 


Company plans the installation of electric 
power equipment in connection with the 
proposed rebuilding of its lumber and 


crate mills, recently destroyed by fire, with 
loss reported at close to $400,000. 
WINTERHAVEN, FLA.—An agreement 
has been made by the City Councils of 
Winterhaven, Orlando and Maitland for 
the construction of a continuous ornamental 


lighting system between the _ different 
municipalities. 

CHATTANOOGA, TENN. — The City 
Council has tentative plans under con- 
sideration for the installation of an im- 
proved lighting system in one of the new 
wards, 


Pacific and Mountain 
States 


LONGVIEW, WASH. — The Longview 
Public Service Company has secured a per- 
mit for the construction of a one-story sub- 
station at Tenth Avenue and Hemlock 
Street, on which work will proceed at. once. 


WALLA WALLA, WASH.—The Pacific 
Power & Light Company, Portland, plans 
to erect a new loop circuit from its local 
substation to the industrial district north 
and west to the penitentiary this fall. 
During 1926 the company contemplates 


building a 6,600-volt transmission line into 





the Prospect Point district. 

COMPTON, CAL.—The City Council is 
considering the installation of an orna- 
mental lighting system in the Canterbury 
Park district. 

DELANO, CAL.—The Board of City 


Trustees plans the installation of an orna- 


mental lighting system in the downtown 
district. 
SAN FRANCISCO, CAL.—The Ventura 





Power Company, Balfour Building, has ap- 
plied for permission to use water from 


So 
=~] 
or 


Sespe, Bear and other creeks and streams 
in Ventura County, for two proposed hydro- 
electric power developments, reported to 
cost $1,500,000. 


WHITTIER, CAL.—The Board of City 


Trustees has authorized the installation of 
an ornamental lighting system on Phila- 
delphia Street. 

ANACONDA, MONT.—The City Council 


is considering the installation of single- 
post lamp standards on Pine and Walnut 
Streets, from Park Avenue to Seventh 


Street, and on portions of Fifth and Sixth 
Streets. 


Canada 


CARMAN, MANITOBA. 
Commission of Manitoba 


has 


The Hydro 
formulated 


plans for a $45,000 extension program 
which will result in serving a number of 
new districts in the vicinity of Carman 
with power. 


FORDWICH, ONT. — Plans are under 
consideration to install an electric lighting 
and power system in Fordwich. 


RIDGEWAY, ONT.—The Public Utilities 


Commission is reported to be considering 
the construction of a transmission | lin« 
from Ridgeway to Point Abino for com- 


mercial light and power service, 
GOWGANDA, ONTARIO.—The construc- 


tion of a power transmission line is prac- 
tically assured for the Gowganda mining 
field in northern Ontario. The right-of- 


way for the line has already been surveyed 
and is partly cleared. 

MONTREAL, QUE.—The Fort William 
Paper Company is concluding negotiations 
for the purchase of the Kaministquia Powei 
Company and will operate as a subsidiary 
organization. Preliminary plans are under 
way for additional hydro-electric power de- 
velopment, primarily for paper-mill service 








New Trade Literature 





FLOW INDICATOR. — 
describing the H-J-M flow indicator, ha 
been issued by Hanson, Jones & Morey, 
810 West Sixth Street, Los Angeles. The 
bulletin illustrates and describes the indi- 
cator and contains instructions for its in- 
stallation. 


HEATING UNITS.—Bulletin C-100, 
sued by the Edwin L. Wiegand Company, 
$22 First Avenue, Pittsburgh, describes its 
“Chromalox” electric heating units in con- 
venient forms for commercial and domestic 
heating. The bulletin describes and illus- 
trates its electric strip heater, immersion 
heater, ring units and range units. A page 
of the bulletin is devoted to heat engineer- 
ing data. 

TAPING MACHINES.—tThe P. E. 
man Electrical Works, corner Tenth and 
Walnut Streets, St. Louis, has issued bul 
letin No. 101, covering various types of the 


Bulletin 201, 


is- 


Chap 


Chapman armature and field-coil taping 
machines. 
SPEED REDUCERS.—Catalog No. 26 


has been issued by the Foote Brothers Gear 
& Machine Company, 215 North Curtis 
Street, Chicago. The catalog contains a 
description of the “IXL” speed reducer, with 
specifications and explanations of the vari- 
ous types, and different applications and 
uses are illustrated and _ described. A 
graphic representation of the long-lever-arm 
principle of the “IXL” reducer is included, 
as well as engineering information relative 
to the figuring of spur and worm-gear speed 
reducers and data for the selection of re- 
ducers of the proper capacity. The “IXh,” 
the “Ara the “Grundy” and the 
“Francke” flexible couplings are also illus- 
trated and described. 





Foreign Trade 
Opportunities 





Following are listed opportunities to enter 
foreign markets. Where the item is num- 
bered, further information can be obtained 
from the Bureau of Foreign and Domestic 
Commerce, Washington, by mentioning the 
number: 

Purchase is desired 


in Bombay, India 


(No. 16,829), for electric fans. 
Purchase or agency is desired in Basel, 


Switzerland (No. 16,892), 
tools and riveting hammers (electrical). 
An agency is desired in Patras, Greece 
(No. 16,808), for motors and dynamos. 
Purchase and agency is desired in 
Temuco, Chile (No. 16,828), for motors and 
electric novelties, radio sets and parts. 


for machine 








676 





Electrical 


Patents 
Announced by U.S. Patent Office 








(Issued August 25, 1925) 


1,551,304. DISCONNECTING SwitcH; L. R 


Golladay, Wilkinsburg, Pa. App. filed 
Nov. 26, 1920. Double-throw, knife-blade 
switch. 

1,551,314. THERMAL CuT-OuT; H. K. 
Krantz, Wilkinsburg, Pa. App. filed Nov. 
16, 1921. 

1,551,315. SwitcH MECHANISM; H. K. 


Krantz, Wilkinsburg, Pa. App. filed June 
10, 1922. Safety inclosed type. 


1,551,316. PHase BALANCER; B. G. Lamme, 
Pittsburgh, Pa. App. filed Jan, 24, 1921. 
1,551,319. TELEPHONIC WAVE RECORDER 
System: W. Mevyberg, Berlin, Germany. 


App. filed Dec. 19, 1924. 
1,551,336. E_.ectric Toaster; J. L. Shroyer, 
Chicago, Ill. App. filed June 11, 1923. 
1,551,341. SHIp PropuLSION; R. Stearns, 


Schenectady, N. Y. App. filed July 26, 
1923. 
1,551,346. ProTectTivE SYSTEM; R. Troger, 


Zehlendorf, Germany. App. filed Nov. 4, 
1924. For precluding the flow of exces- 
sive current between interconnected elec- 
tric machines or sources. 

1,551,347. SecTIONAL Motor; P. Trombetta, 
Schenectady, N. Y. App. filed June 14, 
1924. Adopted to operate such appa- 
ratus as punch presses where a flywheel 
is utilized to store energy of rotation. 

1,551,349. ELectric Switcu: L, S. Walle, 
Scotia, N. Y. App. filed Sept. 29, 1923. 
Operating mechanism: centrifugal device 
for actuating and controlling switch of 
the oil-break type. 

1,551,361. ALTERNATING-CURRENT MOTOR; 
E. C. Ballman, St. Louis, Mo. App. filed 


Jan. 19, 1920. Arrangement for lami- 
nated magnetic core. 
1,551,365. TRANSFORMER; L. H, Burnham, 


Pittsfield, Mass. 
With auxiliary 

1,551,372. ConTROL OF ELECTRIC SWITCHES; 
Cc, T. Crocker, Schenectady, N. Y. App. 
filed July 3, 1923. 

1,551,374. ELecTROSTATIC VOLTMETER; W. 
P, Davey, Schenectady, N. Y. App. filed 
Aug. 24, 1923. 

1,551,379. ELECTROMAGNETIC CIRCUIT Con- 


App. filed Oct. 6, 1924. 
winding. 


TROLLER: J. Eaton, Schenectady, N. Y. 
App. filed Sept. 29, 1921. 

1,551,380. Protective System; A. S. Fitz- 
Gerald, Schenectady, N. Y. App. filed 
Nov. 29, 1924. Circulating-current pro- 
tective systems for alternating-current 
feeders. 

1,551,383. METHOD AND APPARATUS FOR 


TESTING MAGNETIC MATERIAL; S. L. Gok- 
hale, Schenectady, N. Y. App. filed May 


15, 1923. ‘ 
1,551,391. ELectron Device: E. F. Hen- 
nelly, Schenectady, N. Y. App. filed Aug. 


29, 1921. 


1,551,393. Position INpIcaTor; E. M. Hew- 
lett and W. W. Willard, Schenectady, 
N. Y. Whereby the position in space of 


an object visible from two remote points 
can be determined. 
1,551,396. EnLectric FURNACE; C. I. Ipsen, 


Schenectady, N. Y. App. filed Sept. 12, 
1921. Are type. 

1,551,400. Motor-ContTroL SyYsTEM; B. W. 
Jones, Schenectady, N, Y. App. filed 


April 12, 1924. 

1,551,401. BRAKING SYsTEM: B. W. Jones, 
Schenectady, N. Y. App. filed Feb. 14, 
1925. 

1,551,417. MEANS FoR ELECTROMAGNETICALLY 
FIXING WorK PIECES; W. Meier, Zurich, 
Switzerland. App. filed April 9, 1920. 


1,551,463. INCANDESCENT LAMP; C. K. 
Brown, Penticton, British Columbia, 
Canada. App. filed Nov. 21, 1921. May 


be used a relatively long period without 
renewing the filaments. 

1,551,482. INCANDESCENT ELeEctTrRIc LAMP 
BuLsB; T. M. Hamilton, Hapeville, Ga. 
App. filed June 1, 1923. Upper portion is 
mirror adapted to serve as a reflector. 

1,551,500. AwUwTOMATIC TELEGRAPH SYSTEM; 


W. A. Houghtaling, Dunellen, N. J. App. 
filed July 13, 1923. 
1,551,518. ConTroL. SYSTEM AND APPARA- 


TUS FOR ELECTRIC MACHINES; H. Saima, 


Yokohama, Japan. App. filed March 6, 
1924. For direct-current motors. 
1,551,524. Evectric LAMP; E. Friederich, 
Berlin, Germany. App. filed Aug. 30, 
1921. In which an arc is operated in an 


inclosed envelope between electrodes of 
highly refractory metal, as tungsten sur- 
rounded by an inert gas or vapor. 
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APPARATUS FOR REPAIRING ELEC- 
tric Lamps; M. Pirani, Wilmersdorf, 
near Berlin, Germany. App. filed Dec. 
27, 1922. Of the bulb type. 

1,551,529. DYNAMIC BRAKING OF SHIP 
PROPULSION MOTORS ; . MacMillan, 
Schenectady, N. Y. App. filed July 26, 
1923. 


1,551,527. 


(Issued September 1, 1925) 


1,551,539. TRANSMISSION EQUALIZATION’; 
A. B. Clark, Brooklyn, N. Y. App. filed 
Jan. 23, 1920. Arrangements for regu- 
lating the electrical characteristics of a 
circuit, as a telephone line, 

1,551,541. TrRarric SEMAPHORE OR SIGNAL 
DEVICE FOR USE AT ROAD INTERSECTIONS ; 
J. F. Collins, Paterson, N. J. App. filed 
May 16, 1922. 

1,551,559. CARRIER-TELEGRAPH CIRCUITS; 
B. P. Hamilton, Brooklyn, N. Y. App. 
filed Oct. 21, 1920. 

1,551,568. EvectrricaL Contact Jaws; E. G. 


Johnson, Boston, Mass. App. filed June 
30, 1923. 

1,551,578. Rapio RECEIVING CircuITs; D. 
P. Loye, Brooklyn, N. Y. App. filed 


Oct. 1, 1924. For use in connection with 
radio broadcasting. 

1,551,579. MeErtTeR TERMINAL AND TESTING 
Device; A. C. McWilliams and J. S. Jen- 
son, Chicago, Ill. App. filed Jan, 25, 1922. 

1,551,598. SWITCH-OPERATING SOLENOID; 
C. A. Walker, Knoxville, Tenn. App. filed 
Feb. 21, 1924. For operating switches of 
railway or street-car tracks. 

1,551,595. ALTERNATING-CURRENT PRINTING- 
TELEGRAPH SYSTEM; E. F. Watson, Yonk- 
ers, N. Y. App. filed May 8, 1920. 


1,551,597. MEASURED-SERVICE TELEPHONE 
SYSTEM; J. Wicks, Oak Park, Ill. App. 
filed Jan. 19, 1920. 

1,551,598. SHORT-CIRCUITING DEVICE FOR 


ALTERNATING-CURRENT Motors; W. G. 


Winter, St. Louis, Mo. App. filed Oct. 
27, 1922. 
1,551,624. CrircuITs FoR WAVE TRANSMIS- 


SION; J. C. Schelleng, East Orange, N. J. 
App. filed June 30, 1924. 

1,551,626. SUBSTATION ‘'TELEPHONE 
cuIts; A. B. Smith, Evanston, II. 
filed Aug, 2, 1921. 

1,551,627. INDUCTION Motor; M. Arendt, 
New York, N. Y. App. filed Aug. 15, 
1921. Centrifugal starting switch. 

1,551,700, 1,551,701. ELEcTRICAL PROTECTIVE 
APPARATUS; R. G. Sands, Waukegan, III. 
Apps. filed April 9, 1923, and May 28, 
1923. For the protection of telephone 
and telegraph circuits. 

1,551,704. Exectric INDICATOR; H. I. Shire, 
Detroit, Mich. App. filed Oct, 27, 1919. 
For use in connection with the construc- 
tion of ammeters. 


CIr- 
App. 
t 


1,551,707. ELectric WaAve SEcRECY TRANS- 
MISSION; C. A. Sprague, East Orange, 
N. J. App. filed Nov. 17, 1922. 


1,551,722. TELEPHONE SIGNAL DEvVIcE; F. 


H. N. Wohlers, Jamaica, N. Y. App. filed 
April 14, 1921. 

1,551,729. ELecrropE HouLper; E, P. Burns, 
Huntington, W. Va. App. filed Feb. 5, 
1924. Used in the electric arc-weld 
process. 

1,551,742. FLASHLIGHT ATTACHMENT FOR 


GUNS AND OBJECT INDICATORS; J. P. Hise, 
Hightown, Va. App. filed Dec. 6, 1923. 
1,551,748, 1,551,749. TELEPHONE SYSTEM; 
L. D. Kellogg, Deerfield, Ill. App. filed 
Jan. 14, 1921. Automatic or semi-auto- 

matic system. 

1,551,756. GLope Cap; E. Laskowski, South 
Bend, Ind. App. filed June 2, 1924. For 
electric lamp. 

1,551,766. RESISTOR AND HIGH-FREQUENCY 
FURNACE; E. F. Northrup, Princeton, 
N. J. App. filed Sept. 30, 1922. 

1,551,773. AUTOMATIC TELEP ONE SYSTEM; 
A. J. Ray, Chicago, Ill. App. filed Sept. 
16, 1920. 


1,551,794. ELEcTRICAL APPARATUS; E. W. 
Brockmeyer and S. A. Brown, Dayton, 
Ohio. App. filed May 13, 1922. Motor 


with high starting torque. 

1,551,797. ARTIFICIAL LINE; O. E. Buckley, 
Maplewood, N. J. App. filed Aug. 3, 1922. 
To simulate a long signaling conductor. 

1,551,805. DISTANT CONTROL FOR SEARCH- 
LIGHTS; A. P. Davis, Brooklyn, N. Y. 
App. filed Jan. 4, 1917. 

1,551,816. METHOD OF TELEGRAPHING BY 
THE USE OF ALTERNATING CURRENT; J. P. 
Ferriter, Oceanport, N. J., and W. H. 
Johnson, Red Bank, N. J. App. filed 
Aug. 29, 1928. 

1,551,822. ELectric HEATING APPARATUS; 
L. C. Grant, Newcastle-Upon-Tyne, Eng- 
land. App. filed Dec. 22, 1924. Induction 
type, for smelting purposes. 


1,551,839. Evectric FurNace; H. L, Nash, 
South Norwalk, Conn. App. filed Oct. 8, 
1923. Resistance type. 

1,551,868. METHOD OF THE APPLICATION 


AND CONSTRUCTION OF ELECTRICAL HEAT- 
ING UNITs; C. A; Clark and A. T. Smith, 


New York, N. Y. App. filed Dec. 10, 
1919, 
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1,551,876. ELECTRICAL CONNECTION Devi: , 
P. Hartmann, Brooklyn, N. Y. App. 
filed June 8, 1921. Socket connection 


1,551,894.- Time SwitcH; E. McGlynn, Sin 
Francisco, Cal. App. filed March 
1922. 

1,551,947. ELEVATOR SIGNALING Devi 
H. J. Foster, New York, N. Y. App. 
filed April 29, 1921. 

1,551,960. APPARATUS FOR DIMINISHING 


MAGNETIC DISPERSION IN ELECTRIC TRANs- 


FORMERS; J. Kubler and R. Marchand, 
Baden, Switzerland. App, filed June 2, 
1921. 

1,551,970. HEAVY CURRENT RELAY; B. B. 
Schafer, Baden, Switzerland. App. filed 
July 14, 1920. 

1,551,974. ELectTrRIC METALLIC ARC-WELD- 
ING MACHINE; D. C. Brummett, G. FE. 
Brummett and G. J. Griebler, Seneca, 
Kan. App. filed April 6, 1922. 

1,552,004. SAFETY DEVICE FOR’ ELEctTRIC 
BRIDGE CRANES; H. B. Tlewhall, Plain- 
field, N. J. App. filed March 21, 1924 

1,552,007. TRANSFORMER WINDING; J. F 
Peters, Edgewood Park, Pa. App. filed 
June 3, 1921. 

1,552,019. ELEcTRICAL SYSTEM INVOLVING 
PROTECTIVE MEANS; W. A. Turbayne, 


Niagara Falls, N. Y. App. filed Jan. 19, 


1921. “ngine-storage-battery system. 
1,552,026. Sarety Razor; C. Barra, New 
York, N. Y. App. filed July 12, 1923 


Electrically heated. 
1,552,060. CARBON-FEEDING 
A. A. Kramer and A, M. Griffin, Kansas 
City, Mo. App. filed Oct. 27, 1923. For 
welding machines. 
1,552,066. ELectric LIGHT FIXTURE; V. Le 
Beau, New Orleans, La. App. filed Jan 
2, 1924. 
,552,067, REVERSIBLE DRIVING MECHANISM ; 
R. L. Lee, Dayton, Ohio. App. filed Feb. 
14, 1920. For washing machines, ete. 
1,552,069. MotTor-CONTROL SYSTEM; R. L. 
Dayton, Ohio. App. filed Oct. 23, 


MECHANISM : 


1 


PROTECTIVE DEVICE; F. H. Pres- 
Anderson, Ind. App. filed Feb. 4, 
For dynamo-electric machines. 

5. AUTOMATIC FIRE-ALARM INDI- 

‘ATOR; F. J. Zeperski, Memphis, Tenn. 

App. filed June 30, 1924. 

1,552,128. INCANDESCENT LAMP OR THE 
LIKE; M. Ettinger, Brooklyn, N. Y. App. 
filed May 19, 1923. With inside frosted 
bulb. 


1,552,142. ELectric FuRNACE; J. H. Gray, 


New York, N. Y. App. filed Nov. 11, 
1920, 
1,552,143. MELTING LOW VOLATILE METALS 


AND SMELTING ORES THEREOF; J. H. Gray, 
New York, N. Y. App. filed June 18, 
1921. In an arc-type electric furnace. 
1,552,154. ELECTRICAL CONNECTOR; J. Hat- 
field, Brooklyn, N. Y. App. filed April 13, 
1921. For dry battery terminal, etc. 
1,552,155. ELECTROMAGNETIC TRANSMISSION 
AND THE LIKE; J. B. Hawley, Jr., Colo- 
rado Springs, Col. App. filed March 12, 


1923. 

1,552,204. HANGER DEVICE FoR ELECTRICAL 
OUTLET Boxes; C. E. Bowers, Los 
Angeles, Cal. App. filed June 2, 1923. 

1,552,219. VacuuM-TuBE CircuITs; G. G 
Mercer, Schenectady, N. Y. App. filed 
April 23, 1920. 

1,552,224. MAKING OF COUPLINGS AND 
SIMILAR OBJECTS; T, E. Murray, Brook- 
lyn, N. Y. -App. filed Oct. 24, 1921. As 
conduit fittings. 

1,552,235. SYSTEM AND APPARATUS FOR 


DELAYING RESPONSE OF ELECTRORESPON- 
SIVE Devices; M. H. Russell, Cincinnati, 
Ohio. App. filed Dec. 18, 1923. 


1,552,244, ELEcTRODE HoLpDER; R. D. Thomas, 
Varberth, Pa. App. filed May 15, 1924. 
1,552,248. LIngE-WeELDING Apparatus; H. 

W. Tobey, Pittsfield, Mass. App. filed 

April 11, 1925, : 
1,552,256. ComMmutTatTor; A. C. Wood, Chi- 

cago, Ill. App. filed Oct. 20, 1924. 





1,552,262. ELectric ConpucTOR COUPLING: 
Cc. F. Betz, Brooklyn, N. Y. App. filed 
Nov. 8, 1923. 

1,552,271. ELectric SwitcH; G. A. Burn- 


ham, Saugus, Mass. App. filed Feb. 17, 


1921. High capacity. 

1,552,282. MOUNTING FOR CARBONS AND THE 
LIKE; P. Eide, Culver City, Cal. App. 
filed June 20, 1921. Of arc lamps. 

1,552,291. CircuIT BREAKER FOR Mac- 
NETOS; G. Fuegel, Brooklyn, N. Y., and 
H. Schmid, Kingston, N. Y. App. filed 
March 8, 1920, 

1,552,310. ELECTRODE or DISCHARGE TUB! 

C. J. Kayko, Schenectady, N. Y. App: 


filed July 24, 1923. 
1,552,321. DeLaAY-ACTION Device EMPLOY- 
ING THERMIONIC VALVES; N. Lea, |. 
don, England. App. filed Jan. 11, 192 


1,552,336. Brap INSULATED HEATING EF 
MENT; A. J. Mottlau, Jenkintown, 
App. filed Dec. 19, 1922. 

1,552,337. HEATING ‘UNIT Support 


TOASTERS; A. J. Mottlau, Jenkintown, 
App. filed Jan. 16, 1923. 
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Rallies in Utilities 


High-Priced Stocks Score Good Gains, 
but Caution Is Evident in 
Market Trading 


OTWITHSTANDING bearish talk 

that has been heard in circles 
where the power and light markets are 
followed closely, prices remain gener- 
ally firm and the trend continues up- 
ward. A real difference marks the 
trading in utilities nowadays, however, 
if a comparison is made with the mar- 
ket on certain occasions last year. It 
lies in the fact that the present market, 
while firm, lacks the widespread buoy- 
ancy that formerly was_ noticeable. 
That a greater degree of caution and 
discrimination is making its appearance 
in the market for these shares is re- 
garded by the authorities as a healthy 
development. 

In the week under review favor was 
shown in the market for high-priced 
issues that offer promises of recapital- 
ization or which traders point to as 
offering such promises. Carolina Power 
& Light Company’s stock, for example, 
is one of the highest-priced issues on 
the whole utility list and, being one of 
the stocks that traders expect will be 
split one of these days, improved its 
position by roughly twenty points. Per- 
haps the most spectacular advance of 
the week was that made by another 
member of the Electric Bond & Share 
group, however, for National Power & 
Light added no less than ‘thirty-two 
points to its former position. National 
is another one of those high-priced 
issues that doubtless will be split into 
smaller units eventually. Lehigh Power 
Securities added six points to its for- 
mer price. 

One of the most active issues of the 
week in the unlisted trading was 
United Licht & Power Company’s A 
stock, which worked into new high ter- 
ritory and added no less than ten points 
to its former level. Northern States 
Power gained seven and one-half points, 
American Light & Traction fifteen, 
Continental Gas & Electric ten and 
Eastern Texas Electric eight points. 





Insull Interests Consolidate 
New England Holdings 


The New England Public Service 
Company has been organized in Maine 
by the Insull interests to take over and 
consolidate the Central Maine Power 
Company, Maachester Traction, Light 


& Power Company, Twin State Gas & 
Ele-trie Company, Berwick & Salmon 
Fa Electric Company, Vermont 
= 0-Electrie Corporation, Rutland 


ailway, Light & Power Company and 
the Pittsfield Power Company. 
(he new company will be capitalized 


Witi 200,000 shares of no-par-value 
Prior-lien preferred stock, 200,000 
sharcs ef no-par-value preferred and 


400,000 shares of common. Samuel 
Insull of Chicago will be chairman of 
the board of directors and W. S. 
Wyman of Augusta, Me., will be presi- 
dent of this new holding company. 
Until recently the Insulls were identi- 
fied for the most part with public util- 
ities in the Middle West, but of late 
months they have been acquiring addi- 
tional properties in New England, 
gradually extending their control until 
it was deemed advisable to organize a 
new holding company for that section. 
Mr. Wyman is an officer of other Insull 
properties. 





Company Reports 


The following statements of earnings 
were issued during the past week by 
electric light and power companies for 
the month of July: 


Gross Earnings for 


——July - 

Name of Company 1925 1924 
American & Foreign Power.... $746,195 $547,690 
Central Maine Power* 303,948 
Electric Power & Light. . 3,363,850 3,111,054 


Kansas City Power & Light*.. 736,175 683,006 
Kansas Gas & Electric -o | 6 383,960 
Massachusetts Lighting....... 292,106 253,6u4 
Massachusetts Lighting*..... . 299,377 277,529 
Utah Power & Light.......... 795,488 746,579 





* August. 





New England Company’s Power System 


This Hydro-Electrie Utility’s Gross Earnings Have Risen Steadily from 
a Total of $270,000 in 1910 to a Total of 
$7,173,395 in 1924 


By PAUL WILLARD GARRETT 


HE system under the control of 

the New England Company con- 
stitutes the largest hydro-electric de- 
velopment in the section of the country 
that it serves, or, to put the matter 
in another way, the largest in the 
United States east of Niagara Falls. 
Generating stations of the system on 
the Connecticut and Deerfield Rivers 
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ANNUAL EARNINGS OF THE NEW ENGLAND 
POWER COMPANY SINCE 1917 


have an installed capacity of 148,500 
hp., but it controls power and reservoir 
sites capable of the development of an 
additional 110,000 hp. Moreover, an 
additional 100,000 hp. is under contract. 
The system owns a steam plant hav- 
ing a capacity of 20,000 hp. 

The New England Company is a 
holding company and not so well known, 
perhaps, as its leading operating sub- 
sidiary, the New England Power Com- 
pany. Subsidiaries other than New 
England Power that come under the 
control of the holding company are the 
Connecticut River Power Company of 
New Hampshire, the Bellows Falls 
Power Company, the Rhode Island 
Power Trahsmission Company and the 
Power Construction Company. The 
New England Company power system 
does business in a territory where for 


a long time the power market has been 
greatly in excess of the supply, and 
the problem before the management 
has been peculiarly one, not of obtain- 
ing customers, but of supplying the 
need that exists for energy. Approx- 
imately 630 miles of transmission lines 
all are operated as a single system and 
facilitate the work of the company in 
its task of serving roughly one hun- 
dred communities in central New Eng- 
land. The latter are supplied wholly 
or in part by the system through con- 
tracts with commercial users and with 
various utilities in different localities. 
That the New England system some 
day might enter into formal agree- 
ments with certain other companies in 
possession of large undeveloped water- 
power sites has been rumored and 
would seem logical. Those who follow 
such matters closely would not be sur- 
prised, for example, to see arrange- 
ments made one of these days with 
such organizations as the Power Cor- 
poration of New York and the Inter- 
national Paper Company. 

The accompanying chart illustrates 
the growth of the New England Power 
Company, but, of course, certain earn- 
ings appear in a study of the parent 
company that do not belong in a chart 
of the principal operating unit. Gross 
earnings of the New England Company 
system as a whole rose persistently 
from $270,000 in 1910 to $7,173,395 in 
1924. Kilowatt-hour output in the same 
period underwent a tremendous growth 
from 34,000,000 to 563,000,000. It will 
give an idea of the size of the New 
England Power Company to say that 
in 1924 this unit contributed $5,052,372 
in gross earnings of the system’s total 
of $7,173,395. 

Assets of the New England Company 
system as revealed in the comparative 
consolidated balance sheet aggregate 
$49,547,107, if we take the figures re- 








678 





ELECTRICAL WORLD 




































VOL. 86, No. 13 
ported as of the close of 1924. Of that port of the Municipal Light and Power Dividends Declared 
total, plant and equipment represent Department of Pasadena, Cal., has been . ‘i 
$44,051,563. On the liabilities side of filed with the city directors by Ben- Name of Company Gent Pay le 
the balance sheet appear a bonded debt jamin F. DeLanty, acting general man- Adirondack Power & Light, 8% pf. 2 Oct. | 
mepe > : > , 
of $22,650,200, preferred stock of ager. Sales of electrical energy for uate tena TOs Oe. 
7 ‘ e é* t 
$10,005,500, second preferred stock of the year ended June 30, 1925, amounted American Gas & Electric, com 35 Oct 
$2,720,000 and common stock of $7,150,- to $1,306,075, an increase of 27.35 per American Gas & Electric, - oe Nov. 2 
* , y - © rkabhsas entra ower det 
000. A study of the New England cent over the previous year, when (‘ntral Illinois Light, 6°, pi. +t . a 
Company’s income account for 1924 $1,025,521 was recorded. Undepreci- Central Illinois Light, 7 pf. $1.75 Oct. | 
shows that the system earned its inter- ated capital assets as of June 30, 1925, ieee iietes eae eo Al ~ 
est charges something like three and were given as $3,760,268, Cities Service, pf. and pf. B*. } Nov. | 
four-tenths times. meter a ae = ge os m Pe — ae — Pf. I Pept. 30 
- - istern Kansas Powe ) . der | 
S - Another Foreign Loan Floated.—The — fastern Texas E lectric, Cees . $1.25 Oct | 
New Capital Issues Electric Power Corporation (Elektro- Eastern Texas Electric, pf......... 1% Oct. | 
® . . sctric Power 1 , alit. et r 
The American Superpower Corpora- Werke Aktiengesellschaft, Germany), oom, ane Bt * —  pabapmenapiigaels ieee 
tion made a public offering during the which earlier this year floated in the Elec. Power & Light, allt. etfs. for 
past week of 30,000 shares of first pre- American market a five-million-dollar- toni aa” in” Oct. 5 
ferred stock at $96 and accrued divi- }SSUe of gold bonds, made an additional  F) Paso Electric, pf. B Pye 1} Oct. 15 
: ais : . . offerin his P ; bonds Engineers’ Public Service, pf. $1.75 Oct. 1 
dends per share, to yield 6.25 per cent. g this week of these “|. Ilinois Power & Light, 7% pf. 1 Oct. I 
The corporation, organized two years amounting to $2,5 00,000. The bonds I}linois Power & Ligat, 6°, pf. 1} Oct. | 
. s o os >; ay ~=lowa Power & Light, pf. 1} Oct | 
ago, has acquired the common stocks of = fir . mercgng? sinking fund 6% a amare Meets Foren, of ame. % 
a number of successful and progressive ae a — 768 priced ~~ 87 and jvurentide Power 1h Get. 15 
arm : soci fot ne. interes Oo yle é per cent. Massachusetts Lighting, 6°; pf. 13 Oct. 15 
electric light and power companies. Massnnhusetts Lishtine, 07 96. eed Mame a8 
Proceeds from the sale of this “addi- - neseeee Memphis Power & Light, pf... $1.75 Oct. | 
tional preferred stock will be used for . Southeastern Stockholders Approve Missuri Power € Tight. 74 pf 1 tet 
2 ene ene ° . ‘ ° “] Ne “ans he “ey *., pl. et, 
the acquisition of additional income- Merger.—Stockholders of the South- \orth American Lt. & Pwr. 7% pt 12 Oct. 1 
producing interests in certain electric eastern Power & Light Company have Ohio River Edison, pf... ; 1} Oct | 
° ° . awre : ag G ¥ > 1 Le 
light and power companies. voted unanimously for an increase in (i/8ws Vit Heat & Power! pf. i. On 4 
Also represented in the week’s financ- the authorized capital of the company _ Pacific Gas & Electric, com. 2 Oct. 15 
ing was the Buffalo, Niagara & Eastern to 3,600,000 shares, to consist of 100,000 Panama Power & ae pi Pr ae 
‘ ° ane shs sof corr ‘ Qn shs : enn £ ower & 21gnt, pl. ; ct. 
Power Corporation, with a two-million- Shares of preferred and 3,500,000 shares puget sound Power & Light, com 1 Oct. 15 
dollar issue of five-year 5 per cent con- of common, all of no par value. They Puget gound yeni d gy ose > Bl F Oct. 15 
A ° ‘ a tS ver & Light, + . Oc 
vertible debenture bonds priced at 100 also voted approval of the merger of Shvwiniaan Water & aa + Get. 10 
and interest. Proceeds will be used for the company with the Southern Power Southern Indiana Gas & Elec., 6% pf. $1.50 Oct. | 
working capital and other corporate Securities Corporation. The increased Sooners Ieee eS ees 7% pf. $3 zs ~~ J 
purposes. capitalization provides for the split-up Virginia Railway & Power, com. $ Sept. 29 
——+—_ of Southeastern common now outstand- Virginia Railway & Power, com. ho an a 
Pasadena’s Light and Power Depart- ing on the basis of four new shares for (ee RB nar 25 Oct. 1 
ment Report.—Disclosing increases in each share held and is a part of the  Nizer Corp., B (extra) 25 Oct. | 
every branch of the work over the pre- general plan for the conversion of Ala- Western Plectrie, com. $2.50 Sept. 30 
vious year, the eighteenth annual re- bama Traction, Light & Power bonds. *Month!y.  tPayable in common stock. 
Stock meted Bond Quenitions of Electric Light and thane and Manufacturing Companies 
(Pric on New York stock market unloss otherwise noted. Unless otherwise noted the par, stated or preference value of stock is $100.) 
. Bid Price 
Bid Price Bid Price ‘ : : ; 
Companies Saturday, Low High Companies Satarder. Low High Companies oo i Looe mie 
Sent. 19 1925 1925 Sept. 19 1925 1985 . CaN p ‘ 7ao 
veg Carolina Pwr. & Lt., com... ane 260 200 430 Hast. Tex. Elec., 7° pf....... 100 100 105 
STOCKS See oy a : é i. _. pf. { 100 100 106 Paks I ‘le r Ke com Boston, com. d: 201 200 213 
Centra rh y e r oa 46 4)! OS! . o 7 = ~ . 
Abitibi Pwr.& Paper, com.—no par i 67 62 75} Central Il, Pub. Serv. "Or pt. 85 84 8993 = —_ oe + pe lereate tae 
Adironds a P we « L t. 8 pf 108 103 its Central Ind. Pwr., 7 ‘pt ae” Ss +4 95 | Elec. Bond & share OO Vika. oi-3 1103 101 106 
t é ‘ i i ’ f ‘a . > ° < or 4 . ; . ‘ abis-e le 
tne cit an”. te 31 OR Central Ewr. & 1 . vt Sprit. Bs, BR! BB | Elec. Bond & Share Sec., com—no ee tie 
Ala. Pwr., pf i teeeee ; 97: 103 | Central States Elec.,com.......... 175 70 «180 ele einen ie o.. BNe8 7 90° 100 
Allis-Chaimers Mig pt 103; 108! | Cineinnati Gas & Elee.,com....... J 88} Ss 6 hfe eee ae” 50 386 
prone & Fore gt Pw . pe % pd... 135 14 2 35 | Citlesservice, 60% pf. ......-+--. 83 80 84 Elec. Investors, 10° ‘pd. receipts. . 41 15 48 
Amer. Foreign - Po Ot pe. toa; htt 188 | Citles Service, pf. B10. (7s - --++| Blee: Pwr. & Lt., etfs, pf........... 792 89; 94° 
Aner. & Foreign Pwr come. "7°. 420, 34: Br | CitlesService, pt: BB—100. .. 3834) 4a | Elec: Pwr. & Lt. etfs, 40% pa... 1108, 100110 
Amer. Bosch Magneto, com. nopar @ 38% 26: 5431 Cities Service ao. ‘> 9» | Elec. Pwr. & Lt., etfs.,com P32% 17% = 40 
elec. Fw 2 i Cities Service, Bks. Shrs........ 17% 16; +4 Elec. Storage Battery, com.—no par i68 60 7 
Amer. Elec Fwr., pf. + 102 96 104; Cleveland Elec. Illg., 6° pf..... 102.101 105 Elmira Wtr., Lt. & R.R., 7% pf. o4° 93° 98 
Amst, Ses & Fie... 6% i.—sopar. 85 91 | Cleveland Elee. Ilg..com....-... 240 «= 200 «250 | iempire Dist’ Elec..6°, pf. Orne oR ORG 
Amer, Gas & Elec ° com ~ ho par ‘> 49 8: ” | Colorado Pwr., Pe ihe 2 3:abe © 95 93 “OS En ut Pub. Serv pf ; ae 100 100 10% 
Amer, Lt. & Trac., 6° pf 100 93 101) | Columbia Gas & Elee., 7° pf iii 104: 11:1 | ier Pub. Serv. com.—-no per... 39 391 30 
aia “a . It ‘O°, pt eee “Ol <. 7 Columbia Gas « Elec De a seals 4 452 77} Eureka Vacuum Cleane r, com. —no ae as 
Amer, Pwr. & Lt., com.—no par. 56 52 67 Conmmide ny... Gas & Bice. 6°; pt. a7 Son par.. Sei Mec ie Nee oe aie ee 47% 46 52 
Amer. Pub, Serv., 7° pf... Je 88 94 Columbus Elec. & Pwr., 2d pf.. 7101 3% F sheaien lee. MRR ic creed &. ek. ea i 46) 32 49 
Amer. Pub. Serv., com. = 45 90 | Columbus Elec. & Pwr., com.. i154 .... | Federal Lt. & Trac.,com.......... 28! 26 36 
Amer, Pub Utilities, 4° pf, oe = 5 | Columbus Ry., Pwr. & Lt., pf. A 97 86 99 | Federal Light & Traction, pf.. . 82 825 86 
Amer. Pub. Utilities, 6% pf os 71 S82 | Columbus Ry., Pwr. & Lt., pf. B a0 80 85 | FederalUtilities, pf............ ee 
gg eee 5 S.. as x) log. | Columbus Ry., Pwr., & Lt., com 150 114-150 | Federal Utilities,com... 2.02... O17 ay 
cama Quprrpe Pr. pf. ec ils 97 24 i 27: | Commonwealth Edison, com. al 35 > 1305 141 ' Ft. Worth Pwr. & Lt.,7 a 7105 99; «10 
Amer, Superpwr., Class A— no par 36 26: 39: | Commonwealth Pwr., 6% pf 80 85° | Galveston-Houston Elec., 6% pf.. 68 70 75 
Amer. Superpwr.. Class B—no par.. 7 36} * | Commonwealth Pwr., com—no par. 35 304 43° | Galveston-Houston Elec., ees 
Amer. Wtr. Wks. & Flec., 7% pi i 9a 98 103 Conn, Lt. & Pwr. 8°, pf... 5 115 118 par... . ; ; 20 32 10 
Amer. Wtr. Wks. & Elee., com .. €563 34? 68! | Conn. Lt. & Pwr., 7° pf. 106 105 110 | Gen. Elee., com... .. ™ i3 8 2273 337 
Appalachian Pwr., 7°: pf 98 92° 100. | Cons, Gas of N. ¥., pf +e 564 “a Gen. Elec., special—10. . . i it} 1 I 
Appalachian Pw r. Ist pf., 7° 100 95 101 Cons. Gas of N. Y., com—no par 43 743 923 | Gen. G s & Elec., 6% pf.. 220 72 240 
Appalachian Pwr., com.—no par. . 78 70 83 | Cons. Gas, Elec. Lt. & Pwr. of Balti. . Gen. Gas & Elec., 7% pf. 165 120 17 
Arizona Pwr., 7% pf. 5 ee 78 75 87 6: pf . el 105 110: | Gen. Gas& Elec., com... 205 72 240 
Arizona Pwr., com 25 15 33 | Cons. Gas, Elec. Lt. & Pwr. of Balti., | Gen. Gas& Elec., (Me.) pf.—s 
Arkansas Lt. & Pwr., 7% pf. : 97 92 102 7% ae e112 108 114 no par . 140 90 175 
Arkansas Central Pwr., pf.—- $7 no par 100} 97 102 | Cons : *. Lt. & Pwr. of Balti., Gen. Gas & Elee., (Me.) pf.—$8— 
Arkansas Lt. & Pwr., com 100 65 101 8° pf e125} 122 127f| ~ nopar —. 450 1043-180 
Asheville Pwr & Lt. 7°. pf i101! 98 102} | Cons. Gas, Elec. Lt. & Pwr of Balti., Gen. Gas & Elec. (Del.) com. ‘A 
Assoc. Gas & Elec., 7% pf.—1% com.—no par. : ¢ 43} 32 47: | nopar ote! cs 42 64 
= a 3 i 5l ans Cons. Utilities of Dela.,7% pf.....- J 85 8O 84 | Gen. Gas & Elec. (Del.) com. B — ” ‘ 
Assoc. Gas & FE lec. ‘pf. —~§6-— no par i 85 oie * Cc s Pwr., 6% pf 96 90 97 no par : : i) . 
assoc. Gas & Elec., Class A, i 38 Consumers Pwr., 6 6" a 'e "7 102 ae as Elec. (Del.) A pf. 7° 07: 97: 100 
abcock & Wile Continental Gas & Flee.,7 pte.pf = 9% 85 97 | es , go; ni ; 
pohen’s & Sr ox,¢om no par a4 “"98 idii | Continental Gas & Flec., 7° pr. pi oe 89 oe — Gas & Elev. (Del.) A pf. 8% 105 90 110 
Blac eeeee Valley Gas & Elec., coin. 90 eas Crocker Whesher. com.” ‘ om r si os | Gen. Gas & Elec. (Del) B pt. 7% ss or 
Brazilian Trac, Lt. & Pwr., com. / 78) ear Crocker Wheeler, pf. . tases a i I Ga. Lt., Pwr., & Rys., 6% pf... . 80 74 s 
Broad River Pwr., pf : 92 A 97 Dallas Pwr. & Lt.. 7% pf........... 102 100 102 Ga it : oie ‘- Rys a ” + 25 
Brooklyn Edison, com “1st teps WSS | Dayton Pwr. & Lt.,6% pf...... 4 88 100 | Gia. Ry! & Elec. 5° pf 78 
Buffalo Gen. Elec, com. Bwr pt 95 32! ‘’ | Dayton Pwr. & Lt., com... 400 @180 460 | Ga. Ry. & Elec. com 115; 1 
Buffalo, Niacs arad FE: astern Fwr..p - 23 Ae 3 Detroit Idison, com : 7142 110 153! | Ga. Ry. & Pwr.,8) pf 
Buffalo, Niagara & Eastern Pwr.,com, 29) Dubilier Condenser & Radio, com. i ty ‘rl = a rh ae pf 62 
‘s a Pwr. & Lt., pf.—s7—1 Dubuque Elec., 7°. pt ‘ 90 sO 9) | Ga. Ry -wr.,4°o pf. . 
: — ro. ee ao 100 107 Ducecme TA... 7° OF. 111 104 112 | Ga. Ry. & Pwr.,com........ssee - 
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Bid Price 
. . Low High 
Bid — ie aah Companies a 1925 1925 
Bid Price Companies Saturday, 925 1925 ; 
ani Saturday, Low High eee 938 99} 98% 1004 
| Companies Sept. 19 1925 3938 53 49 61 | Carolina Pwr. é Le. nai ge soos 104 103i 105 
| Pugct Sound Pwr. & Lt., com..... 5 > 54 | Carolina oe Mize. & 
)  STOCKS—Continued Radin Gets os Aan cease aspen «400. aae i. ae 9st 9st 100" 
= ” 98 er., com. —nhop Se —«-—« COC eee ct et osececes : 1928 v 
Gt. Western Pwr., 7% o- + com. : a on 246 RadioCorp.of Ame MEGS «ds carts s s 4 General Ark. Ry. era. és 1938 95 93 oF 
Me v i 'wr., . PS ey Narre - 0 98 a 8 92} 
| Javana Elec. Ry., Lt j 1 116 | Republic Ry. : % pt..... 105 8 Central lll. ; 88 84} 
| Sell Elec. Ry., Lt. & Pwr.. pf... fie in 56 | Rochester Gas & Elec. 5% pt Central [ll. Publ Serv.. . = iene 98 96: 101} 
| Hurley Machine, com.—no par..... 88 82 92 | Servel Corp., Class A. . tte “see ne in ae 6s 1947 97} 95} iat 
| Ill. No. os 6% y sceceese 96 92} 98 tas tae te 7% pt. i 99 “38° 166" Contrabine wear ik a ° 6s 1944 99 97 90} 
Sur % rete eeeeeres c é J 7 7 
) ine ei iain inner. ——— i146 312 51 Soe oa ¢ a” 7% Dt... 149 = Seenank itr —— ™ és 1946 101 et iis 
i cae on" 1 | Sout rr rr. & Lt. Be § 4 aan 
) I t. U tilities, class A—nopar...... $6 fH 49! So Calif, ‘Edison, 8% i. 17 Cameenl Bat. & D8. eens o ieee 1001 98 1004 
. nt B—nopar...... " "95 | So. Calif. Edison, a 95 ventral’ 7 maha” 1956 84 } 
: tilities, class B- 92 90 95 ; s 30; 5 . za Ry. &Lt.. 58 
| Interstate PWwr., DE. 87,0 DAF... oS ae So. Calif. Edison, com... 12) 100 | Cincinnatt Gas flee... oe, set lore 10bt > toe 
Interstate Pub. Serv., 7% pf....... 97 92 100 | Southern Cities Utilities, 7% pt... . 63 71 Cincinnati Gas & Elec. . és 1966 90} 90 91} 
lowa Ry. & Lt., 7% pf.......-..... 96 90 = 96 | Southern Cities Utilities, com. . . . 1107 «+++ | CitiesService.......... 7*B1966 176} 150} 178) 
ersey Central Pwr. & Lt.,7° pf... 50 |. ern Pwr. & Lt. of Md., pf.... 110% Cities Service.......... 7* Bis 125 lll 6128 
| Jerecy ContraiPwr.&lt.com..... 45 as Soaee Pwr. & Lt. of Md.,com.. i 32 Cities Service. ......... 7eC ieee 102? 98} 106} 
Johns-Manville, com.—no par..... 1169} .* i ie penne Dare. « Lt., A... i “<Se ‘itles ery lee Pei G Li. a iene 931 934 95 
Kansas Gas & Elec., 7% ee ee i 33 hen $3) Southwestern Pwr. @ Lt. le ‘t.. am oe 193 City Lt & Trac -Sedalla, aa eee «de 74 wt 
; ‘elvinator Corp., com.— "lily 92) 6854 “98 Id (Mo.) Ry. & Lt., 7% SOG) © BeGicces «.0 4; 1} 100 
| Kentucky Hydro:Elee., com ebewese j eat 67 gs Springte! Gas & Elec., 8% ¥- cosa J rh 100 | Cc aoveiens gate. THlum. .. . ieee aot 974 i 
centucky Sec.,6°% Dl... ...- ee ees 77 3as & Elec., 7% pf...... 59? | Clevelanc 110} 1 
7 Seotuck? Duliivies, 6% ire. OL 82 95 canaeee & as & Elec. some —no par $33 114) Cc Jleveland Elec. Illum... : eed ori 93 38} 
ky Ut sale IRE ceeer wees & Lt.,.7% ase ges 5 Color: rai ‘ 9 
| Kings C wate Ltg., 7% Se? 7100 ak ae pay ytd, Viewer sees p Columbia Gas & Elec i 5 isa7 os 924 944 
s 156 i és 2 ae ats ye 7 — ase olum 
; Lehigh Pwr. Sec. comi.—riopar.... 140 82° 155 | Tampa flee Bwrs 8% pi....2002 Of = «83.108 | Columbus, ‘Dela. & Ss 1937 85 83 88 
Lehigh Pwr. Sec., com 104 100. 105 | Tenn. Elec. Pwr., aor. 101 93 4 Marion Elec......... 
Long Island Ltg.,7% Df........++. 120 60 105 | Tenn. Elec. Pwr., f.—$6—no par. J 80 a2 8 Columbus, Dels. & . 68 1937 95 91 = 98 
) Long Island Ltg., com. sgaregters 93} 90 97 Tenn. Elec. Pwr., p —no par. i165 ‘cule oa Marion FElec.. s 947 14102 ae eae 
Los Angeles Gas & Elee., 6% Dt... .. eee a eee ae --+. €1014 99% 1084 | Columbus Elec.&@ Pwr. 68 1947 2 
) noes eer. 28) 493 | Tex. pwr. & Lt.. 1% Pp "peeaeeeee 198 “973 “463 , Columbus Ry., Pwr. & 1940 95 93; 98 
| Maytag Mig. com... cciar: ‘age! “éai ida” Timken eee Cmte... OE Re te Ry Pwr Ltos 1941 1081014 1038 
tag B.o CGR. «ce cccccoe - 98} n 2 " ‘a0% ss ; ¢ 
Monctis Pwr.& Lt.,pf. Sie Sahat i 95 96 Toede Edison, 8% Df.......++--- i; 94 101} Soe Fdison. 58 1943 195 4 10 
) Metropolitan Edison, ot $7, reiaacis 106 = 100-110, | Toledo Edison; 7% earns tee ey. an Commonwealth Edison. 58 1953 95} = 98) 101 
) Metropolitan Edison, pf. 7 Dt 098 91} 98% Toledo Edison, com.. raagess <> 86 82 85 Commonwealth Edison. 5s ion7 102° 974 1034 
| Middle West Utilities; 7° pr.lien pt. c1043 98 125 | Tri-City Ry. & Lt., 6% Df... $1 $0 «$$ | Commonwealth Pwr... 6s 1947 102 90) 92 
; Middle Ww = y sae com.—no par a110} Sal os United Gas & Elec., 6% . par. 4l 26 49 | Community eer. & Lt.. ts 1981 893 90 92 
Midland Cuties, pr-In, we pf.. #100 98 4 United Gas & Elec (Ned) 5% Dt $2, 335 1002 Consol inten Lt., Pwr. 5s 1962 80) 75) 824 
| Milwaukee Elec. Ry. & Lt., o - 96 810 Gas Impr.—50.... 1 51 Oi os cocaine o bs i 94 984 
5 Milwaukee Elec, Ry. @Lt.6% BE. 87.83} 102 | United Lt. & Pwr, pt—$4— cee 4 Consol. Eee. 2-2 Bis 1948 108) 1018105 
5 oo eri a ore. 5c .. t 98} 97% . | United Lt. & Pwr., pf.—$6.5 ae 83 99 Consol. Genet. Te -, 038 1% :. oe 
" — PP Oe BATE: ag ook de oo ce 1100 “g7) “94 Pe cun's tsa ateeen 1, A—nopar. 142 42 1 Con. Ge = .. 448 1935 ¢97} 93% 
) oe River Pwr. BM Pe icticccdtess 92 ’ 68 | United Lt. & Pwr., con B—nopar. 160 49 100 | Pwr. 0 Elec. Li. & 1072 
Miss. Riv BM cen c'en wavy: 64 62 q } | United Lt. & Pwr. com., --- £99) 978 1013] Con. Gas, Ss 1949 j106 104% 
= naa ae Ghee 4 863 4 = Utah Pwr. & Lt., 7% pt feat 102 100 104 Pwr. of Balti. = 6 
eS . <n 6-6 © a:60 04 a POE c Aah ile ore - € > 4 ° 
Montreal Pwr com. sin cape ibe Ss Utica Gas & ae coin? meee 02 «808 Perot Batt... 5s 1965 99) 98 1003 
) Sceemienmeban ee." deas Racy aad, © 52 case coe | ER ae Be e-.- ae 12 20 | Consumers Elec. Lt. & 5s 1936 94 93 964 
) ners com j 62 40 65 | UtilitiesPwr.& IJ. = com} oe 90 87 96 Gn Pwr........ 58 1936 oy! 908 — 
: c. Pwr., COM......... 6 ® | Vermont Hydro-Elee.,7% Df...... 90 87 96 | Pwr... ........ é : 
) ations) Fie Tat. r.,5% pt.... ° 66 40 65 v ermpent Biv aee, rm riba 5 aan bas = 3 1% Consumers Pwr. ee aie as -. ieee 103 99 1044 
National Lt., Ht. & Pwr., com.—no 11 11 36° | Virginia Pwr.,com............+-- j 120 643 1354 Continental Gas & Elec. 58 1927 sei 98° 101 
l REE PEt ar 100 95 99 | Virginia Ry.& Pwr.,com......... 7 91 Comes ntalGas & Elec. 6s 1947 99% 964 101 
0 National Pw r. £}- om Sr ne pe 362 185 363 Wheat Be. Ooo en cates 0 b S 263 50 Continental Gas & Elec. $¥e isee 134° 99 1032 
NationalPwr. a 95 cone eae Elec..com.—no}ar...... ‘ 140 talGas & Elec. 
‘ Serv.,7% pi........ : .... | Wagner Ele on 110 Continenta ‘ 
Sitional Pub. Bere: bee Be part aap 20) |W ae fa te a Tee, he — x yee 
com.—no 7 ne West Mo. mann 6 : 7 i 9 P.@ Lt... ...+---- ‘ 5} 
National Pub. Serv ‘com: TO Per Ol. 88) 108i aot foe Ue ae ee Dallas Pwr. & Lt....... fo isee «688. «88, isot 
Nebraska Pwr., 7% Df.. 40} 31 50} | West inn. oa Lt., Ht. & Pwr.,7% 94} 964] Dayton Ltg........... Be iDai 99 7 100} 
Nevada-Calif. Elee., com.. ** 407 92 102 |W -- ee ee eee ee 94 38 47 | Dayton Pwr. & i... | Bs 1942 94 88}. 973 
N.J. Pwr. & Lt., 7% pf.. ro of 98 94 102 ‘Va. Utalities, 7 > pf.—50..... 7 110 117} Defiance Gasé B . em. oe 97} 100 
New Orleans Pub. Serv., 7% pf.... w est a. a aid eae 111} 95 Denver Gas & Elec.. 1951 93 92 953 
New Orleans Pub. Serv., com.—no 730 31 384 | Western ees 79 Bt Se a earl gs * $4 74; | Denver Gas — te s oe, jane 
ee eee 101 este ee ede eens 3 s Moines Elec...... . nana 02) 992 
wy Centrai Elec, 76; . - 2 Western Pwr. com. ano par 7.0. 9 6 OSS | ee Se ies asi sek ten 
ns ee ye ee 7% pi. 9108 101) 110 Western Gtates Gas & Klec..com). €19 - 22.6 cscs Detroit Edison. ....... be 1949 100, 97} 101 
g oc : m.— troit Edison........ ; 3 
Niagara, Lock. & Ont, Pwi,ooae— > 60 73 | Westinghouse Elec. & Mfg. "8) 98} 34, | Detrote Batson: 22:22: és 1932 143, 1101 153 
BD Berea eax, + Ha Elec. Instrument, cl.A. 126} 94 204 | Detroit Mdison...:.: ‘26s 1940 107) 106) 108 
NizerCorp., A.—no par.. ... | Weston ent,com..... 7 183 Detroit Edison. ..... 73 19298 150 125 151% 
NizerCorp., B.—no .. - oe “46% 50) onan See, a 7% Wi... 5 1” 3 oo es — Ne kee.ve oe a 1929 150 114 150 
No. Amer.,6% pf.—50.... 41; 60} }18.-1 Lt.& Ht.,7% pf........ > gg. | Detroit Edison......... 7s 1930 148 1214 15 
i aoe. eee ret Sake etc + @ FF it Edison... ..... s 193 955 984 
eee “a isi | Wonmimetem Um GBB HBA | Dem On ieaia 2 Tee Tah RL fe 
COME... ean as my Worthing > Nee i ‘ * | Driver-Ha +t ; 97} 101% 
NO. N. ¥, Witiities, 7% "5 13) | Worthington eee? 4103 98 1041 | Dubuque Flee... 6s 1949 yoo! 98! 103 
No. Ohio Pwr., com... .... et 64 75 | Yadkin River Pwr., 7 se prema ens 62 63 = 70% | Duke-Price Pwr... .... 6s 1949 105} 1044 1072 
No. Ohio Trac. & Lt, 3 o Df...... 68 78 | Yale & Towne, com.—25......... Duquesne It.......... 5is 1949 108} 104 106 
No, Ont. Lt. & Pwr., D a 41 52 BONDS Duquesne as. ‘Serv... 78 1949 100 974 101} 
No. Ont. Lt, & Pwr., a bee 95 100 1940 100 98 100! | Durham Pu 953 104 100} 105} 
No. States Pwr., 7% D 103 125 Abitibi Pwr. & Paper... 6s 962 99 973 101 East Penn. Elec....... 6s 1 9 100 974 100} 
No. States Pwr. com... . 60 75 lir. Elec. Pwr........ 58 196 b+ 1024 105) | Hast Oregon Lt. & Pwr. 68 192 94 r 
No. Texas Elec., 6% pf.. = 40 70 | Ratt. Pwr & TA... > i a 94 «971 | East. Lex, ry) ee a a ee 99} 
No. Texas Elec., com...... [ats 87 100 | adir. Pwr. & Lt...... - Ss 946 98: 96 100 | Econom , 58 ; 
Ohio Gas & Elec, 1% VE....eeeee. Se SS | Ala. Pwr. ....... 005... iss, att 924 ona’ Faison Flee. Tilum, of 4s 1939 92; 89 95} 
Ohio Pwr., 6% 5 teeta eeeeee 97 10 Po ae es f . 104} 10 : Bkin...........-.. : 
Ohio Pub. Serv. Oi Phe see eeee 93} 1003/ Ala Pwr... |:: -.++ 68 aes 1003 86 102 Edison ‘Elec. Ilum. (N. 5s 1995 1013 994 103 
Ohio River Edison, 7% pt. ‘> sos*| Ala. Trac. Lt. & Pwr... 58 1962 100) 86 102, | RS hae a. ae. 
Oklahoma Gas & Elec., pf . 92 99 | Aluminum Co, of aa  e 1936 96 i E! Sane Flec.. eee bs 4 O6h. Seda 
Pacific Gas & Elec.,6% pf........ 96 102} 118} | Amer. Boseh Elee .. 58 2007 92} so oat E} Paso Elec “ities 88} 
pacitic Gas & Elec. com. ......... ‘'9s; "971 1004 er Geka... 2 ae oi oa 88 a * ta Corp. i Gis 1950 87 86) 88 
Pacific Pwr. & Lt., 7% P 92 90 ©6100 . oe > pp ieee 6s 2016 993 ; ‘ &R R.. 5s 1956 99 7 1 
Darr < > c 92. ‘ Amer. Pwr. & Lt.... 1942 973 94 994 Emira Wtr., Lt. 1949 90 862 9 
Bean Comal: ape? -bi—noparc 68: 60, 704 Amer: Wur, Wks. & Blec.s0 1934 Se pert. Eee... & Se 8 ti 
5 oe , Pe me 2G 3) ‘ : sso rie Li 
penn-Onie Poe's 5 Zot... 98 Bt 108 | Aesconde a: aa Vl $3) 18g. | Evansville Gas & Bice. 1932 98} = 96100, 
Penn-Ohio Pwr. & Lt., 8% pf..... 103. 98: 106 | Anaconda Copper. cee 7s 1938 103: 993 1903 Lt Trac...... 58 1942 92; 88. 03° 
Penn Pwr. & Lt. —$7—no par... #104) 90° 100 Anaconda Copper. ene) ae >; fee > 3s oat Federal Lt. & wo 6s 1942 100} ot at 
Penn Pub. Serv., 7% pf.......... gh 80 90 yt ee ian Pwr....... 68 2024 92: 105: 106! © ve Lt. & Trac..... 68 1954 9 : 76; 82) 
Penn Pub. Serv.. 6% Df. te tee ees 62} 126) 185 | Appalach T....... 7 1936 106 mt j | Federal Le. .... 58 1936 78) 764 82% 
162} 126} lachian Pwr... . 974 101} . Smith Lt. & Trac 99 100} 
Pale. Ce: pews OOM........... e162) 1264 185, a... Gs 1987 95 «80-96. | EY: Smith Lt. & Trac... 58 1936 +S eet et 
Phila. Co., pf —50 sete eee J 514 623 6s 1947 95 
Phila. Co. com awd : siagaaaeys : or a 49} | Arizona Pwr... ....... 6s 1948 100} 98} 1024 Galveston Elec. ....... ‘ ‘ ss 
fe. Mek eee c 47} 371 17} | Ark. Central Pwr....... 6s 1945 101} 100. = General Elec. . . ++ 33 52 7 1014 1074 
Pittsburgh U SONNE oes oso se a 14} 12) 99° | Ark. Lt. & Pwr......... 6s 1954 97 92: 995 | General Elec |. Pwr. . 58 1952 86? 82 
Portlund Elec. Pwr., 7% pf....... 98 . so | Ark. Lt. &I Miri pr ae 92} 92 96 | Georgia ¢ arene) sie Sant 88 86} 29 
Portland Elee. Pwr.,6% pf...... Ss 40 53 | Assoc. Gasdk Glew. 640 1964 108 943 106 | Ga. Lt., Pwr. & Ry i 2, = a 
Port | Elee. Pwr. ae ee eae , 39 Assoc. Gas & Le Hit “ 98 Ga. Ry. & a: - , ++. Oe eee 91} a6 
Portland Ry., Lt. & Pwr., pf...... Se So ae oe 1952 100; 99 103. | && Ry. & Pwr Ss ies? 102, 1004 1034 
Portland Ry.. Lt. & Pwr., com.... J : ‘96 «112 ingham Elec. 6s 19 ’ ; cn Ry. & Pwr.. 6s ; } 105 107 
Pwr of N. ¥.,7% pf....... J1'0 vo 89; | Birming , | Ga y- .. 78 1941 104} , 
Der : on N.Y. ‘eom—no par e a 5S Sanaa | Ry., Lt., & ee 1954 188 85 Bo, Ga. Ry. oer 7s 1945 94 92 94} 
Pwr 7. Se eebs 3 sada ee: tat prone ee. yy os 19491011 sat 3 Ce Se ee. Pwr . 638 1950 86) 86 865 
Aa an a ee 3c 3 t i: *. | Broo meee 5 
Seecheoed cee me ea Eye ia $2183 18ty 180) 18h | Pa te: ee. cor zy ou 
Rib re SEN Semmens bak: 40h 3h 870 Bemto den Bice tt 1905 | cP Ohi ba gt 
one ; : : * _ & 2 oe : Qr : ¢ 
Pub: crv. of No. iil. Foot. al08 102-1104 a we 6S Great Northern Pwr... Se — te Sw 
Publi ~ erv. of No. rit, 7 D oO par j 81} 107} 128) Burlington Ry. & Lt.... 58 1932 100 99 1003 Great Western Pwr.... 58 055 973 96 99 
Bub v. of No. .. com. no pai 18 253 118 128} Butte Elec. & Pwr...... 58 1951 sane 98 1013 | Great Western Pwr... .. yn saan 1001 100 102} 
b of No. I =. wesc ewes 87 95 tee 5s 1937 ‘ t Western Pwr.... 68 194% . 99} 102; 
b \ Be Mian 6-6-4 94 7 7} | Calif. Gas & Elec....... 36 62 | Great W “""* 6s 1952 101 
Pub Mee a Gar by ma. TS 107 Canadian Lt. & Pwr... $s 1937 99 99 100 | Great Western Pwr 
Puce und Pwr. & i. io © ) ** 4 84 . . | Canton Elec......:.... 
get Sound Pwr, & Lt 0 § eeee 


TT 








Stor ange: aChicago; b uis; cPhiladelphia; dBoston; eBaltimore; f fontrea!; incinnati; ASan Francisco. <Bid price low, high, Se t. 23. tions available, 
. + of ’ . D ‘ . gh, Pp i t 
4 ‘ag bSt. Loui ; ladelphia ; . ltim ¥ gd 2 Lates quota va 
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—————————————————————SSS790_-—_—=—: 
Stock and Bond Quotations of Electric Light and Power stall Manufacturing Companies (Continued) 


(Prices on New York stock market unless otherwise noted. Unless otherwise noted the par, stated, or preference value of stock is $100.) 


Companies 


Bid Price 
Saturday, Low 
Sept. 19 1925 





BONDS (Continued) 
Havana Elec. Ry., Lt. & 


Holtwood Pwr....... 
Houston Lig. & Pwr... 
Houston Ltg. & Pwr... 
Houston Itg. & Pwr.... 
Hydraulic Pwr...... 
Hydraulic Pwr...... 


Idaho Pwr.......++-. 
il. Elec. Pwr........ 
0 are 
IM. Pwr. & Lt...... 
Il. Pwr. & Lt...... 
He@, Bae. . ....cccee 
Ind, Gen. Serv...... 
Ind, Lighting....... 
Indiana & Mich. Elec... 
TG. DWE... ve vdveves 
Ind. Service......... 


Ind. Service 
Ingersoll- Rand. 
Interstate Elec 
Interstate Pwr 
Interstate Pwr 


Interstate Pub. Serv.. 


Iowa Ry. & Lt 





Jersey Cent. Pwr. & Lt. 5)s8 


Kansas City Pwr. & Lt. 5s 


Kansas Elec. Pwr 
Kansas Elec. Pwr 


Kansas Gus & Elec aan 
Kansas Gas & Elec.... 
Kentucky Utilities... 


Kings County Elec. Lt. 


PW... .s: gaseee 


King C ounty Elec. Lt. 


& Pwr a. 
Kings County Ltg... 
Kings County Ltg..... 
Knoxville Ry. & Lt.... 


Laclede Gas Lt 
Laclede Gas Lt at 
Laurentian Pwr... .. 
Laurentide Pwr 
Laurentide Pwr 


Lehigh Pwr. Sec. (notes) 68 


Lincoln Gas & Elec. 


Long Island Ltg..... 


Long Island Ltg 


Long Island Ltg.... 


Los Angeles Gas & Elec. 58 
Los Angeles Gas& Elec. 5! 
Los Angeles Gas& Elec. 5\8 
Los Angeles Gas & Elec. 5's 
Los Angeles Gas & Elec. 68 


Louisiana Pwr 


Louisville Gas & Elec. . 
Louisville Gas & Elec... 


Tower Austrian Hydro- 


RL, n'a 'nn © Annie aco 


Luzerne County Gas & 


tlee 


Luzerne County ‘Gas & io 


Elec 


Luzerne County Gas & 


Elec 


Madison River Pwr. 
Manila Flee 


Manila Elec. Ry. & Lie. =o 


Manitoba Pwr 
Memphis Pwr. & cs... 


Metropolitan Edison. 
Metropolitan Edison... 
Metropolitan Pwr... . 
Michigan Lt........ 
Michigan No. Pwr... 
acpveubes Elec. Ry. 


It 
seas Elec. Ry. 
Milwaukee Elec. Ry. 


a 
Milwaukee Elec. Ry. 

Ton. bs thas a aane kes 
Minn. Pwr. &Lt.... 
Miss. River Pwr..... 
Miss. River Pwr..... 
Mo. Edison Elec... . 
Mobile Flec........ 


Montana Pwr 


6s 


° 5s 


5s 


. 68 


sue 6s 


Montgomery Lt. & W tr 


Pwr 


Montreal Lt.,Ht.& Pwr 4\s 


Montreal Lt..Ht.& Pwr. 
Montreal Pub. Serv... . 
Mountain States Pwr. . 


Nashville Ry. & Lt.... 


Nashville Ry. & Lt. 
Nassau Lt. & Pwr 


Nassau & Suffolk Ltg 


National Pwr. & Lt 
National Pub. Serv 
Nebraska Pwr 
Nebraska Pwr is 
Nevada-Callif. Elec.. 
Nevada-Calif. Elec.. 
New England Pwr.. 


New Jersey Pwr. & Lt, 
New Orleans Pub. Serv. 
New Orleans Pub. Serv 
New Orleans Pub. Serv 


“New Orleans Pub. Serv. 6s 
N.Y. & Queens Elec. Lt 


& Pwr 


N. Y. &. Westchester ; 
4 


Ltg 


N. ¥. & Westchester 


| errr 
New York Edison...... 
New York Edison. . "S. 
t., 


N. ¥. Gas & Elec. 
Ht & Pwr 


astenneetiaiinclian taticinriimeaiaciintemnanthiiraasiantintesimanl cement 


Stock Exchange: aChicago; 





dst, 


1954 
1954 
1931 
1953 
1954 
1951 
195) 


1947 
1943 
1933 
19S: 
1953 
1947 
1948 
1958 
1957 
1941 
1950 
2020 
1935 
1933 
1944 
1934 
1948 
1932 





1945 


1952 
1937 
1943 
1952 
2022 
1949 


1937 


1997 
1954 
1954 
1946 
1934 
1953 
1936 
1936 
1946 
1927 
1941 
1936 
1954 
1948 
1939 
1943 
1947 
1949 
1942 
1944 
1952 
1954 


1944 
1948 
1944 
1954 


1935 
1942 
1953 
1941 
1948 
1952 
1953 
1953 
1946 
1941 


1926 
1931 
1951 
1961 


19538 
1950 
1951 

1925 
1927 
1946 
1943 


1943 
19232 
1933 
1942 
1938 
1953 
1958 
1927 
1945 
1972 
1955 
1949 
2022 
1946 
1950 
1951 





1949 


1930 
2004 
1954 
1941 
1944 


1948 


93} 85} 
103 100 
99} 98} 
94 90} 
100 97 
1003 993 
100; 100 
94) 93 
102 99} 
933 93 
1003 100! 
100: 99 
98 97 
95 92 
80} 78 
98 97 | 
105} 104 
xo | 86 
86 | 73 
99} 92 
95 95 
97: 95 
99! O7 
98 96 
97} 97 
95! 95 
99) 95; 
99 97} 
yy 973 
102 gs} 
91 86 
99! 97 
102} 99 
1185 114} 
ox} 89 
105 103} 
92! 88 
100) 98} 
100; 95} 
on 96 
i799 96 
99 ¢ 
101 
90 
99} 
100 
103 
YS ¢ 
97 } 94 
97 96 
97 95 


97 90; 
101} 99 
85! 85} 
98 97 
103 99) 
1013 99 
99 99) 
10 97} 
101 85 
103! 98} 
98 95 
104! 101} 
95 91! 
102 100 
98 973 
96 953 
100 99) 


96} 94} 


99 94 
90 84] 
00 98} 
103 1015 
98 96! 
108 102 
b100 100 
96 91 
99} 97 
93 86! 
97 97 
98} 98} 
93 89 
97} 96} 
97 94 
89 84 
99} 98 
88 82 
101 97 
951 94 
99 97 
95; 89! 
99 96} 
99 964 
101 100; 
95! 92} 
8 ; 83} 
90 90 
90 89 
92 86} 
100; 99% 
78 is 
94 93 
114} 1l2 
101 993 
103} 100} 








ELECTRICAL WORLD 


Bid Price 








High Companies Saturday, Low High 

1925 Sept. 19 1925 1925 

he - Gas é Elec. Lt., 
wii State Gas ébice.. Sie 1962 100: 96101 
State Gas dlee.. 548 1962 i 

954 Newport News & Hamp- 

104: | .,t0n Ry... Gas & Elec... 58 1944 89 84 93 

100° | Niagara Falls Fwr...... 58 1932 105) 100 103 
95! Niagara Falis Pwr...... 6s 1932 105} 103} 106} 

101 4 Niagara Falls Pwr...... 6s 1950 104; 105; 1063 

102. Niagara, Lock. & Ont. 

103 | gerne’ vock é ong 2 NOt «98! 10 

Niagara, Lock. nt. 
1 wr ‘ aon 5s 1955 99 97; 100 

1951 pieoer, Lock. & Ont e ress 108 1043 110) 
nt Pwr nt 8 958 3 i j 

10a, | Norfolk Ry. & Lt....... 58 1949 94 93° 95! 

102: No. Amer. FEdison...... 68 1952 101 96; 102} 
99: oo realy a 6)8 aoe i 7: ioe 

No, Amer. Lt & Pwr. 78 95 98 | 97 
92! | North Caro. Fub Serv. 58 1934 89 89 933 
993 North Caro. Fub.Serv.. 68 1954 94 91} 96 

106 North Caro Tub. Sery... 618 1944 98 96 100 
g2 | North Shore Elec. . 5s 1940 99 97; 100 
gs: | No. Calif. Pwr ..... 58 1948 99 983 100} 
99! No. Ind. Gas & Elec.. 5s 1929 99 97 100; 
99: | No. Ind, Gas & Elec.... 68 1952 100 993 103} 
99) Northern N. Y. Utilittes 5's 1949 99 96; 100; 

100: | No. Ohio ‘Trac. & Lt 4s 1933 85 82 87) 

100: No. Ohio Trac. & Lt 58 1956 SL 78 87 
99! No. Ohio Trac. & Lt 6s 1926 9S 9S 100 

; No. Ohio Trac. & Lt 6s - 1947 923 91 97 
98 No. Ontario Lt.& Pwr. 6s 1931 98 95; 993 
No. States Pwr 2» 8 268 102 101 10%} 

101 No, States Fwr........ 68 1941 105 103 107} 

102 | No. States Pwr........ 58 1941 96; 93 99 

102 |-No. Tex, Elec.......... 58 1940 78 80! 82} 

103; | Northwestern Elec -- 68s 1935 101 101 102} 
94: | Northwestern Pub. Serv.6!s 1948 99 97! 100; 

BED Tt I I ove sce neces 5s 1952 92 S89} 96 

103 gue a“ kee sake We he > = 1} = st 
& oo, 8 20% 92: 88} 95} 

SEE b's 'v.0:0:0:9 4:86 7s 1951 106 106; 107; 
120! | Ohio Pub. Serv........ 5s 1954 90! 87 93 
101) | Ohio Pub, Serv........ 6s 1953 100} 98 101} 
108} Ohio Pub. Serv........ 7's 1946 lll; 108 1123 
95) | Ohio Pub. Serv....... 7s -1947 108; 107% 111} 
1017 | Ohio River Edison... . 6s 1948 102} 98! 104 
i192. | Okla, Gas & Flee... Ss 1950 915 93; 96 
100 | Okla. Gas & py ; 6s 1940 96 96 98} 
Ontario Pwr. of Niagara 

— Falls 5s 1943 97) 98 100; 
Ontario ‘Transmission... 58s 1945 99} 97 99} 
Ozark Pwr. & Wtr...... 58 1952 78 75 81 
Pacific Coast Pwr...... 5s 1940 98 973 99? 
Pacific Gas & Elec...... 58 1942 96) 93} 99° 
Pacific Gas & Elec...... 58s 1955 j93) 94 95} 
Pacific Gas & Elec...... 5$s 1942 100; 97 102; 

994 | Pacific Gas& Elec...... 68 © 1941 105 103} 106 } 
99} | Pacific Lt. & Pwr....... 5s 1951 99° 98; 100} 
99; | Pacific Lt. & Pwr....... 58 1942 99} 98 101} 

104} Pacific Pwr. & Lt....... 58 1930 993 98 100 

-... | Pacifie Pwr. & Lt .- 6B 1953 J 96; thins ake 

108" Parr § oe pani “eG 5s 1952 94 92; 97 
p Patterson assaic Gas 

rere 5s 1949 99} 96 100! 

86} | Penn Central Lt. & Pwr 6s 1953 101} 102-104} 
Penn Edison.........++ 5s 1946 95. 94 97} 

993 | Penn Elec...........+. 63s 1954 97 96 99} 
Penn. Elec............ 68 1955 933 93} 95 

104 | Penn Ohio Elec....... - Gis 1938 104! 99: 105 
Penn Ohio Pwr. & Lt. 5\s 1954 97} 95 993 

105 Penn Ohio Pwr. & Lt. 6s 1939 97 94 99 
Penn Pwr. & Lt........ 58 1952 97 95 98} 

101. | Penn Pwr. & Lt........ 58 1953 96: 95 98} 

1027 | Penn Pwr. & Lt........ 6s 1953 104} 102} 105} 
92 | Penn Pwr. & Lt......-. 7s 1951 106 106 107} 

1043 | Penn Pub. 8 1954-943 93-96} 
ac ‘ 
99° | Penn Pub. 1947 102} 103 105} 

106 | Penn Wtr. 1940 100 99: 102 
97 | Penn Wtr. 1953 1013 99} 103 

io Phila. Co 1944 1g3t 101; 105 

Phila. Co 938 98} 93; 00 
97 | Phila. Co...........-- 58 1951 95 28 2g 
Phila. Elec..........--- 5s 1966 101! 00 33 
101} | Phila. Elee..........-- 58 1960 c100! 99 103} 
iy. Seo 5} '8 1947 105! 103; 107 
96: Phila. Elec scents. a 3 ‘8 ott ©106 noes rear 
Phila. Elec.. s 19 106 06 83 
100 | portland Elec. Pwr..... 68 1947 99} 96} 100 
| Portiand Gen. Elec... 5s 1935 99) 982 100] 
92; | | Portland Ry., Lt eine Zo Hb 44 sr oes Rd 
Portland Ry.,Lt. & r. 68 947 8; ¢ 00} 

104 | Portland Ry.,Lt.& Pwr. 718 1946 106} 105} 108 

1055 | Potomac Edison. ...... 6s 1949 98 96 100 

son Potomac Edison eg 6:8 1948 101 99 103 

Potomac Elec. Pwr.... . 8 929 ¢ 0} 

100} | Potomac Elec. Pwr..... 58 1936 99 98) 100 
97} | Power Corp. of N.Y.... 68 1942 99 97; 101 

1003 | Power Corp. of N. Y.... 638 1942 103} 993 103) 

Power Securities. . 6s 1949 780 és ’ 

gai | Bub. Lt. & Pwr Ss 1945 7 64 79 
98 Pub. Serv. Co. of Colo 5\s 1954 93 92 96} 

101 | pub. Serv. Co. of Colo.. 68 1953 99! 98 101 
94: | pub. Serv. Co. of Colo.. 78 1933 99 98! 102} 

100; | pub. Serv. Corp.of N.J. 5s 1959 1043 103; 105! 
98 | Pub. Serv. Corp. of N.J. 6s 1944 98} 95 99; 
88} | Pub. Serv. Co. of No.1} 58 1956 96 91 97} 

101 Pub. Serv. Co. of No.THl. 5is 1962 100} 96; 102; 
91 Pub. Serv. Co. of No.1. 5's 1964 100! 96: 102} 

103} | Pub. Serv. Co. of Okla... 68 1949 99 97 i 103 
96) | Pub. Serv. Elec. & Gas.. 5's 1959 103; 98; 105} 
99: | Pub ry & Gas... 5}8 1964 103; 99: 105 
95% | Publie Utilities, 

100} (Evansville, Ind.) 6s 1929 99) 99 101 

100! | Puget Sound Pwr 5s 1933 9x 983 100} 

103 Puget Sound Pwr. & Lt. 5}s 1949 98} 96: 1003 
97 | Quebec Pwr. . . 68 19538 101 98} 102} 
RR | Queensborough Gas & 

92 | Elec 5s 1952 99 96' 100} 

90; | Queensborough Gas & 

93 | | Elec Boy > . 68 1953 103 101 105 
Rio de Janeiro Tram ‘ 

100; Lt. & Pwr 5s 1935 90 85 91} 
f Robbins & Myers 7s 1952 57 573 73} 
81 Rochester Gas & lee » ene res 102° 102‘ 104} 

Rochester Gas & Elec... 7s 946 109° 109) 111 

sie Rockford Elec......... 58 1939 99 98 101 

, 

102 | St. Joseph Ry., Lt., Ht. 

Sie. 44 3 2 yee eos 58s 1937 95; 85} 92 

104} | St. Paul Gas Lt........,58. 1944 99 . 984 100} 

















Companies 
St. Paul Gas Lt........ 5is 
Salt River Valley Wtr... 6s 
Salmon River Fwr...... 5s 
San Antonio Gas & Elec. 5s 
San Antonio Pub. Serv.. 6s 
San Diego Cons. Gas & 
SOR ean isd @ dius 6s0e 5s 
San Diego Cons. Gas & 
Elec.. 6s 
San Joaquin Lt. & Pwr.. 58 
San Joaquin Lt. & Pwr.. 6s 
San Joaquin Lt. & Pwr.. 6s 
San Joaquin Lt. & Fwr.. 6s 
Savannah Elec. & Pwr.. 7}s 
Saxon Pub. Wks. (Ger- 
Re a fk te dies s 7s 
Scranton Electric. 5s 
Seattle Elec........ 5s 
Seattle Flec........ 5s 
Seattle Elec 5s 
Seattle Ltg. 5s 
Shawinigan Wtr. & Pwr. 5s 
Shawinigan Wtr. & Pwr. 5}s 
Shawinigan W tr. & Fwr. 6s 
Siemens & Halske...... 7s 
Siemens & Halske... 7s 
Sierra & San Francisco 
Pwr 5s 
Sierra & San Francisco 
Pwr a 
Sioux City Gas & Elec 68 
Sioux City Gas & Elec 6s 
So. Caro. Gas & Elec.. 6s 
So. Caro. Gas & Elec.... 68 
So. Cal. Edison....... 58 
So. Cal. Edison....... 5s 
So, Cal. Edison........ 5\8 
So. Cal. Edison........ 6s 
So. Cal. Edison....... 6s 
So. Cities Utilities...... 8s 
Southern Colo. Power.. 68 
So, Publie Utilities. .... 5s 
So, Sierras Pwr........ 68 
So. Utilities........ 6s 
So. Wisconsin Pwr. 58 
Southwestern Gas & 
Elec lg 5s 
Southwestern jas 6 
Elec. 6s 
Southwestern Pwr.& Lt. 58 
Southwestern Pwr.& Lt. 68 
Southwestern Utilities... &s 
Springfield Ry. & Lt 5s 
Standard Elec. of Cal 5s 
Standard Gas & Elec... 68 
Staten Island Edison 6\8 
Syracuse Ltg.......... 58 
Syracuse Ltg.......... 538 
TE IRs 550 0 v.00 0 8's 58 
Tenn. Elec. Pwr........ 6s 
ee es vrs eccescse 5s 
Tex. Per. &1A......... & 
Tex. Pwr. & Lt...... 638 
Tide Water Pwr..... 68 
Tide Water Pwr...... 78 
Toho Elec. Pwr. -Cueen) s 78 
Toledo Edison. : 5s 
Toledo Edison.... 7s 
Toledo Gas Elec.& Hte. 5s 
Toledo Trac., 1t.&Pr.. 5}8 
Topeka Edison........ 5s 
Topeka Ry. & Lt....... 5s 
Trenton Gas & Elec. . 5s 
Tri-City Ry. & Lt...... 5s 
Twin State Gas & Elec.. 5s 
Tyrol Hydro-Elec. Pwr. 7}s 
Union Elec. Lt. & Pwr... 5s 
Union Flec. Lt. & Pwr.. 5s 
Union Elec. Lt. & Pwr.. 5s 
Union Elec. Lt. & Pwr.. 53s 
United Elec. of N.J.... 48 
United Elec. Lt. & Pwr.. 4:8 
United Gas & Elec...... 68 
United Lt. & Pwr.notes. ‘53s 
United Lt. & Pwr...... 5's 
United Lt. & Pwr...... 6)s8 
United Lt. & Rys....... 58 
United Lt. & Rys...... 68 
United Lt. & Rys....... 6s 
United Lt. & Rys....... 68 
United Pwr. & Lt...... 6s 
Utah Lt. & Trac....... 5s 
Utah Pwr. & Lt........ 5s 
Utah Pwr. & Lt......+. 6s 
U tah A eae 68 
t'tiea Elec. Lt. & Pwr... 5s 
Utica Gas & Elec....... 5s 
Vermont Hydro-Elec... 6s 
Vicksburg Lt. & Trac... 5s 
Virginian Pwr......... 58 
Virginian Pwr......... 6\s 
Virginia Ry. & Pwr..... 5s 
Wagner Elec. Mfg...... 7s 
Washington Coast Util. 6s 
Washington Wtr. Pwr.. 5s 
West Penn Pwr........ 58 
West Penn Pwr........ 58 
Weat Penn Pwr.......:. 53s 
West Penn Pwr........ 7s 
West Virginia Lt., Ht. 
I ie 0s S05. 0 a ne.6'3 9 
West Virginia Utilities.. 6s 
Westchester Ltg....... 58 
Western Elec.......... 5s 
Western N. Y. Utilities.. 5s 
Western Pwr..... 6}s 
West. States Gas & Elec. 5s 
West. States Gas & Elec. 68 
Westinghouse Elec. & 
Mig. ta ip 
Wisconsin Elec. Pwr.... 5s 
W iseonsin Gas & Elec 5s 
Wis.-Minn. Lt. & Pwr... 5s 
Wis. Ry., Lt.& Pwr.... 58 
Wi. RIVETPUS. ... 0800 58 
Yadkin River Pwr. ig' ae 
Yarmouth Lt. & Pwr. 5s 
Yarmouth Lt.& Pwr... 8s 


i 
Louis; cPhiladelphia; dBoston ; Baltimore ; /Montreal; gC ncinnati; ASan’Francisco, iBid price, low, high, Sept. 22, jLatest quotations available, 





VoL. 86, No. 13 





Bid Price 
Saturday, Low Hich 
Sept. 19 1925 19295 





1954 101 98 102 
1938 71100 ibd, 

1952 993 98} 1013 
1949 97 96 98} 
1952 101} 99} 104 


1939 99 98 101 


1013 99 103 
oS 9S 100 








101} 101 103 
1952 101 99} 103: Mc 
1954 100 99 101 
194i i104} ccher 
1945 92: 90} 93} 
1937 99! 99: 101 
1930 99 99} 101° 
1929 99 99 100) 
1939 90 90 93} 
1949 89 85} 92 


1934 100 100-101} 
1950 102 101; 104 
1950. - 104 104 106! 
1928 973 934 99 
1935 94} 90; 96: 


1949 76 75 80 
1949 90 87 93 
1947 100 99 102 
1949 100 99 102 
1942 87 87 93 
1932 75 83 8S 
1939 99 99} 101 
1944 95 92 96) 
1944 101 98} 102 


1943 101% 100; 104 
1944 103} 102} 105} 
1931 98 100. =—-:102 


1947 98} 93% 99} 
1943 97 97} 100} 
1936 102 102 104} 
1933 100 973 102; 
1938 89 88 93 


1932 963 94 98 


1957 96 89-97} 
1943 93} 90 897 
2022 92° 883 94} 
1936 973 96 102 
1926 99 98: 100! 
1939 98 985 100! 
1935 99} 91 10) 
1953 104 104 = 106} 
195 100 973 100! 


1954 101 100} 103 


1933 i99 ences sas 
1947 102; 99; 104} 


1962 93 90 96! 
1937 98) 97 99) 
2022 96 90 96; 
1942 99} 98} 101 
1937 99 97: 101% 
1955 90} 87 91} 
1947 98} 97 100 
1941 108; 108} 110 
1935 96 97; 100; 
1920 9S; 98 100; 
1930 97 97 100 
1933 95} 903 96} 
1949 98 98 100 
1930 98 96} 99} 
1953 91 84 94) 


19235 i963 945 96; 
1932 101} 99: 102 




































1933 99; 98: 101 
1954 98) 97; 100 
1954 100; 100 §=104 
1949 87 85 88} 
1929 J 98} 98} 99 
1945 97 96 ~=101 
1928 98} 98 100 
1959 89} 97 
1974 924 97} 
1932 93; 97} 
1926 100; 101! 
1952 95; 1003 
1973 87 92 
1944 99 103 
1944 8&8 91 
1944 91 98 
1944 102. 102 104} 
2022 92 88 } 94) 
1950 1014+ 100; 101% 
1957 100; 98} 103 
1929 99 98} 100? 
1932 90 8 93} 
1942 93} 88 96 
1954 100 99 =102)} 
1943 96; 93} 99 


nx 100 102 
1941 101 99: 1013 
1939 81 99; 101; 
1963 99) 93} 99 | 
1946 99) 93; 100° 
1953 102} 100; 105; 
1946 106; 104} 107; 


1929 98} 95 100 
1935 96) 91 98 


1950 1013 98 102 
1944 100; 98 101, 
1946 94 90! 97 
1954 100 97 100! 
1941 97 95 99 
1947 98 97 100} 


1931 107 103§ 108! 


1954 97 | 93 99 
1952 98 97 100 
1944 94 93 96? 
1933 92} 87 93 { 
1941] 90 SS 92 
1941 98 96; 9 
1937 83 82 87 
1951 98 97 102 


